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I. THE UNIVERSITY AND THE STATE HIGHWAYS 
(abstract) 
A. c. WILLARD* 
There are three principal aspects of the highway problem in the 
United States today. In all three cases, or situations, the people of 
the State of Illinois and the University of Illinois are vitally interested 
and deeply concerned. These aspects involve first, the purely tech-
nological or engineering aspect, second, the economic or financial 
aspect, and third, the social or human aspect, involving public safety. 
The highway engineers of the future must deal not only with the 
technical but also with the economic and social aspects of this im-
portant problem. I firmly believe the functions of all engineers, 
engaged in both public and private enterprise, must expand sufficiently 
to include the economic and social aspects and implications of their 
work. The highway engineers must not only design, build, and main-
tain the best system of highways which science and technology can 
devise, but they must also secure for the taxpayer the maximum 
possible value for the money spent in construction, operation, and up-
keep of such highways, and finally they must assume the additional 
responsibility of making the highways far safer for the public than 
they are to-day. 
All the people of the State of Illinois use the highways either for 
business or for pleasure or for both. Moreover, the highways, more than 
any other facility or institution, ;vhether public or private, are used 
twenty-four hours a day every day in the year. The social, educa-
tional, and economic value of these arteries of travel and transpor-
tation is enormous. We have in this State a population of seven arr<l 
one-half million people "·ho own one and one-half million automobiles 
of all types, or a ratio of five persons to one automobile. There are 
now and have been for some time more automobiles than telephones 
in this country. 
We have learned how to build and maintain our highways-we 
have, thanks to the conspicuous developments in highway engineering, 
established methods, techniques, and standards of construction second 
to none in the world, and still greater progress in this field is being 
sought through research. We have found a satisfactory and adequate 
method of financing any reasonable highway program. Unit costs for 
*President of the University of Illinois. 
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both construction and maintenance are steadily improving, and are 
constantly being revised downward. But we have not found any solu-
tion to the most important problem of all, that of public safety on. 
our highways. 
Deaths and injuries resulting from accidents on the highways of 
the United States in which automobiles are involved have reached a 
staggering annual total as revealed in the 1934 analysis of such ac-
cidents by the Travelers Insurance Company. Not only are the total 
figures of 36 000 deaths and nearly 900 000 injuries in 1934 appalling, 
but the tremendous increase of 67 per cent in deaths over the 21 600 
killed in 1924, only ten years before, is truly staggering. During this 
decade nearly 300 000 people have been killed in automobile accidents 
in this country. The problem has become nationwide because to-day 
every one either "drives or dodges" an automobile. Indeed, protection 
is even more necessary for the "drivers" than the "dodgers," since the 
1934 statistics show that, out of 36 000 fatalities, 16 000 pedestrians 
were victims, constituting slightly less than 45 per cent of the death 
toll. The effect of the present tendency toward higher speeds has 
been to increase in one year by 40 per cent the number of casualties 
caused by unreasonable speeds. In other words, as we develop faster 
automobiles and build better highways we kill more people. 
The time has come for a vast program of popular education and 
research to promote public safety. Indeed, there is no field of educa-
tion or research-whether in law, engineering, or medicine-that is 
more important than research in the field of safety-to stop this tre-
mendous toll of death arid injury. And engineers come into this 
problem in two ways, not only in the construction of the higlnvays, 
but also in the making of vehicles that travel on these highways. 
If mechanical engineers build the machines and highway or civil 
engineers construct the highways, engineers are faced with a special 
challenge as a result of the technical development of highways and 
motor cars. It is not my purpose to-day to propose any kind of a 
program to meet this challenge, but rather to add another word of 
emphasis to the insistent demand for action in dealing more effectively 
with a truly alarming situation of vital importance to every citizen 
in this country. 
In conclusion, I wish to assure t~e highway engineers of the State 
of Illinois that no agency stands more ready to help in the solution of 
this or any other problem of public safety than the University of 
Illinois. I trust this matter will be made one of the most important 
items of business to be considered at this Conference and in your 
future professional deliberations and activities as well. 
IL PLANNING A HIGHWAY SYSTEM TO MEET 
FUTURE REQUIREMENTS 
(a) GENERAL FEATURES AND CONDITIONS 
CHARLES E. DELEuw* 
The major elements in the preparation of a highway plan are: 
( 1) Volume of traffic 
(2) Character of traffic 
(3) Speed of traffic 
Volume of traffic must be estimated in order that the highway be 
provided with sufficient capacity, but volume of traffic is not the sole 
consideration in selecting the number of lanes for the roadway. There 
is also a convenience factor. In other words, highways which carry 
an exceptionally heavy flow of trrn;~ks and other slow-moving vehicles 
sometimes require additional lanes for fast-moving vehicles, from the 
sole view of convenience and efficiency. The character and volume of 
traffic both should be known in order properly to design a pavement 
or wearing surface. Sound engineering requires that the pavement or 
wearing surface which will provide satisfactory facilities at the lowest 
annual cost should be installed. The adoption of this policy will effect 
a departure from the policies prevailing in Illinois during the past 20 
years, which have required the construction of hard surface roads on 
all State bond issue highways, irrespective of the character and density 
of traffic. 
One of the foremost considerations of the highway designer is the 
element of safety. Safety can be built into highways by the construc-
tion of roadways of adequate width, by the utilization of long radius 
curves, and by the provision so far as possible of adequate sight 
distance at curves and at intersections. Proper design of traffic control 
signs and signals is also a fundamental necessity in modern highway 
planning. 
During recent years highway grade separations have been built in 
increasing numbers along major thorofares both at intersections with 
heavily-traveled highways and at intersections with railroads. Such 
structures are costly and great care should be exercised in determining 
whether or not they are really necessary before making the commit-
ment of funds. Much has been done recently to make highway inter-
*Assistant Chief Highway Engineer, Illinois Division of Highways. 
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sections and railroad intersections safe by use of traffic control signals 
and signs. 
The recent introduction of high speed passenger train service on 
railroads, which gives promise of becoming widespread, has introduced 
a new element of danger at highway-railroad grade crossings which 
emphasizes the necessity for safety provisions. 
In the studies preliminary to the design of a highway, the prospec-
tive character of the traffic and the maximum speeds can ordinarily be 
predicted with reasonable accuracy. The forecast of the future traffic 
density is always a more difficult problem. However, as a result of 
analyses which have been made during recent years of the various 
phases of this problem, it is now possible to make a fairly accurate 
and scientific forecast of probable traffic volumes. It has been dis-
covered through a series of studies, that, in a general way, volume of 
traffic, or use of motor vehicles, varies directly with the total owner-
ship of these vehicles. 
For a number of years engineers were more or less at sea as to the 
probable ultimate per capita ownership of motor vehicles. Up to the 
year 1923 the rate of increase of automobiles per capita had been 
steadily growing. Since that time this curve has dropped off slightly, 
indicating a decreasing rate of growth, which has been marked since 
1929, probably due largely to the economic depression. While a slight 
pick-up in this rate may be expected after conditions return to normal, 
one is warranted in assuming that a condition of comparative stability 
will shortly be attained. After this occurs the increase in the number 
of automobiles in use may be expected to vary more or less directly 
with the population growth. 
It is almost axiomatic that new traffic facilities, whether highway, 
railroad, or other common carrier, produce new and additional traffic. 
This is particularly true in metropolitan centers where, in most cases, 
the authorities have never been able to provide highway facilities to 
keep pace >vith the growth in the ownership and use of motor ve-
hicles. This makes planning of new facilities in the metropolitan 
centers a difficult problem, and in such cities as Chicago it has been 
found fairly safe to build into major thorofares, such as state 
highways and their extensions, all of the capacity possible within the 
existing right of way limitations. An instance of the absorption of ad-
ditional .highway capacity was evidenced in the city of Chicago after 
the construction of LaSalle Street. 
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For a number of years after the construction of the Michigan 
boulevard link bridge this structure accommodated a large portion of 
the traffic between the central business district in Chicago and the 
north side. By the year 1926 the average daily traffic over this struc-
ture had reached a total of about 40 000 vehicles daily. Shortly there-
after the LaSalle Street improvement was completed, which provided 
an entirely new bridge over the Chicago river and a 70-foot roadway 
extending northerly from the river to Lincoln Park, affording first-
class facilities for large numbers of people traveling between the 
central district and the north side. With the opening of this new 
thorofare there was a s~ight decrease in the traffic on Michigan Ave-
nue, which probably did not exceed 10 per cent. However, within two 
years of the opening of LaSalle Street, the traffic on Michigan A venue 
again had reached the 40 000 daily figure, notwithstanding the fact 
that•the traffic over the LaSalle Street bridge now averages upwards 
of 25 000 vehicles daily. 
In rural areas where, in a general way, primary road facilities 
have kept pace with, or frequently have been in advance of, the 
traffic necessities, the construction of additional highways, while tend-
ing to create some small increment of new traffic, generally results in 
the diversion of traffic from existing highways. This is particularly 
true with respect to primary roads. It is possible, therefore, to make 
an estimate of the probable density of traffic in such areas which will 
be accurate enough to predicate design with respect to both width 
and capacity, and also 'vith respect to type of pavement or wearing 
surface. 
It is of great importance that highways be properly classified. 
There are numerous instances in Illinois of bond-issue highways built 
as primary roads, which in fact function as secondary roads. There 
are also numerous instances of secondary roads constructed by counties 
and even of township roads which actually function as a portion of 
the primary road system. 
A primary road system should have for its chief purpose the 
provision of suitable highways connecting centers of population, com-
merce, industry, and education. Practically all of the highways with 
federal route numbers fall into this classification, as well as a great 
many of the state bond-issue roads. The primary roads are those 
which should be laid out to serve the general highway needs of the 
state, and should not necessarily provide direct access to every small 
village and town, but should avoid these wherever possible. 
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Secondary roads are those highways which serve small urban areas, 
villages, hamlets, and shipping points, and act as feeders to the pri-
mary system. In general, these are the State-aid roads which have 
been developed by the several counties in Illinois. 
The farm-to-market, or tertiary roads, of which so much has 
recently been heard, are what are known as township roads in rural 
areas, and residential streets in cities. The principal function of these 
roads is to provide access to farms and residences throughout the 
state, and, while primary and secondary roads frequently furnish such 
facilities to abutting property owners, it should be entirely clear that 
the chief function of tertiary roads is as stated. They also feed the 
secondary and primary systems. 
"With respect to speed, it is now clearly recognized among engi-
neers that on primary roads it is desirable to base design on crest 
speeds of about 60 miles per hour in rural areas. While most nuto-
mobile manufacturers produce motor cars capable of much higher 
speeds, studies have indicated that only a very small .minority of 
motorists travel at speeds in excess of 60 miles per hour, and the 
economics of the problem do not appear to. justify highway design for 
this limited number. 
Secondary roads should be designed so as to provide for travel 
at .35 to 45 miles per hour. On farm-to-market roads the matter of 
speed is of but little importance, the principal consideration here 
being the provisions of an all-weather road. 
In urban areas there has been a great demand for major thoro-
fares, or super-highways, to provide for the operation of vehicles with 
no stops and at high speed. Two such thorofares in Chicago provide 
such facilities, and studies made on both the north and the south outer 
drives, where traffic density is great, indicate that the great majority 
of motorists travel at from 35 to 45 miles per hour. It would appear, 
therefore, that, if the highway designer can provide in densely-built-
up districts highway facilities which permit travel at a speed of from 
45 to 50 miles per hour, the actual traffic demands will have been met. 
(b) PRESENT STATUS IN ILLINOIS 
H. E. SURMAN* 
There is in Illinois a total of 97 000 miles of public highways, 
exclusive of streets in municipalities. As of January 1, 1935, 14 366 
miles had been improved, 9939 miles on the State system, and 4427 
*Engineer of Design, Illinois Division of Highways. 
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miles on the County system, including 307 miles built by the State 
with N.R.A. funds. This improved mileage on both systems is made up 
of 12 110 miles of high-type pavement, 152 miles of bituminous sur-
face on gravel or crushed stone base, and 2104 miles of gravel and 
macadam. 
There are also 560 miles of city and village streets on extensions 
of bond-issue routes which are improved with some type of surfacing. 
At the present time 210 miles of the State bond-issue system re-
main to be placed under contract, exclusive of work definitely pro-
Yidecl for under the P.W.A. and N.R.A. programs. The estimated cost 
of improving this mileage is $11 500 000. About 145 miles, estimated 
to cost $7 500 000 will be financed with the aid of the regular Federal 
allotment which will become available July 1, 1935. This will leave 
a balance of 65 miles of the State bond-issue system, estimated to 
cost about $4 000 000, which probably >vill have to be carried over 
into 1936 for construction, unless additional Federal funds are allotted. 
This does not mean that with the construction of this 210 miles of 
paYement the State bond-issue system will be completed. There is 
other necessary work, one of the first items of which is the construc-
tion of 110 railroad and highway grade separations, at an estimated 
cost of $10 000 000. The modernizing and reconstructing of 900 miles 
of old State bond-issue routes having alignment or design now obsolete 
will cost about $35 000 000. Another 3"Y:i million will be required to 
widen or replace 135 narrow or obsolete bridges. About 200 miles of 
present State bond-issue pavements near cities are of inadequate 
width, and the widening of these will cost $8 000 000. These items of 
essential work will involve a total expenditure of $56 500 000. 
Following the completion of the State bond-issue system, there are 
many additions to the State construction program necessary. Pave-
ments and bridges on extensions of State bond-issue routes in munici-
palities will require the expenditure of about $30 000 000, while con-
struction of about 60 railroad and highway grade separations in 
cities and villages will cost another $10 000 000 i. 150 miles of belt 
lines around cities, to cost $7 500 000, are also needed. 
There are approximately 425 miles of roads not on the present 
State bond-issue system where the construction of high-type pave-
ment is needed. To provide these will cost $16 000 000. There is a 
very urgent need for the construction of secondary roads so as to ex-
tend the State system into communities and areas not now served· by 
improved highways. Such roads should be improved with a lower-
cost type of surface. About 2200 miles of important secondary roads, 
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the cost of which will be $41 000 000, should be built as soon as 
possible. 
Summarizing these figures briefly, we find that the State will re-
quire $4 000 000 beyond its 1935 revenues as anticipated at present 
to complete the paving of the State bond-issue system. It will need 
$56 500 000 to perform other necessary work on the present system. 
For logical additions to the State program, after completion of the 
State bond-issue system, a total of $104 500 000 will be required. 
These give a grand total of $165 000 000 which it will be necessary 
for the State to expend as rapidly as funds become available to furnish 
adequate highway transportation facilities. 
It should be borne in mind that this discussion covers only work 
which should be done directly by the State. It has not taken into 
account the improvements of secondary roads by the counties through 
the use of their share of the gasoline taxes and other funds. Neither 
has it taken into account the improvements which the cities will be 
able to finance with their share of M.F.T. funds. 
In the past it has been the general practice to classify roads on 
the basis of the legal authority created for improving them; that is, 
as State bond-issue roads, State-aid .roads, and township roads. This 
has already led to some confusion in that all roads constructed by the 
State have been throught of as State bond-issue roads, even though 
some of them were extensions in cities, belt lines, or other projects 
financed by special appropriations, and not authorized under either 
of the State Bond Issue Acts. With the State bond-issue system near-
ing completion an increasing amount of other roads will be taken over 
by the State for improvement. 
One fault with the present method of classification has been that 
it has too often been used as the basis for design and construction 
l"tandards. '\Ve have been prone to consider State bond-issue roads as 
the most important, and to require the highest standards for them. 
Lower standards have been permitted for State-aid roads on the as-
sumption that they were less important. While this may be the case 
in general, there are numerous instances where State-aid roads are as 
important from a traffic standpoint as many of the bond-issue roads, 
and where equally high engineering standards should be employed. 
I believe the time has come when we should drop the classification 
we have heretofore used and substitute in its place one based on the 
importance of the roads to traffic. Roads that will carry more than 
500 vehicles per day after being improved should be classified as pri-
mary roads. Those roads that will carry between 100 and 500 vehicles 
. 
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per day should be placed in the secondary class, and roads carrying 
less than 100 vehicles per day should be considered as local. For each 
class of road distinct standards for location, horizontal and vertical 
alignment, type and width of surface, roadway and right-of-way 
widths, type and width of structures, and other elements should apply. 
Naturally, the highest standards should apply to primary roads. 
It should be noted that this classification would be based upon the 
amount of traffic the road would carry after its improvement. Traffic 
will naturally increase on a road after it has been improved because 
of the fact that most of the traffic which previously had been dis-
tributed on several approximately parallel unimproved roads will be 
concentrated on the new improved road. This fact must be taken into 
consideration in determining the design policies which should apply 
to a proposed improvement. 
In determining roadway widths of bridges, it is particularly im-
portant that consideration be given to the ultimate classification of 
the road on which the structure is located. If an improvement of the 
road can logically· be expected during the life of the proposed struc-
ture, the design of the bridge should fit the policies applying to the 
class in ·which the improved road will fall. Otherwise, the bridge 
may prove inadequate for the traffic which will follow the road 
improvement. 
Cases will probably occur where it will be difficult to determine 
"·hether a road will carry more or less than 500 vehicles per day after 
its improvement. In such cases, it will probably be advisable to fol-
low policies applying to primary roads as to alignment and similar 
features, but providing for stage construction of surfacing. In other 
words, initially a gravel or crushed stone surface could be built, then, 
if sufficient traffic materializes to warrant a higher type of surface, a 
bituminous surface could be added. 
The importance of a road to traffic is the only sound basis for 
establishing design and construction standards. The grouping of roads 
into a classification which recognizes this fact seems to be most logical. 
III. SOME ECONOMIC ASPECTS OF HIGHWAY 
IMPROVEMENT 
(abstract) 
CHARLES M. THOMPSON* 
The present social order has been characterized m a variety of 
ways. Some call it the machine age; some, the age of organization. 
To my way of thinking, the predominant feature of our modern social 
and economic relations is rapid and comfortable transportation by 
automobile. 
Getting about from place to place has been a dominant factor in 
the lives of every people since the beginning of recorded history. 
National existence, the expansion of trade and commerce, the easing 
of overpopulation through migration, have, over the centuries, de-
pended on transportation facilities. 
Until a generation ago our means of locomotion over relatively 
large areas were little better than those enjoyed by the ancient Greeks. 
True, we had our railroads and our steam navigation, but these lacked 
the flexibility necessary to make them serviceable except between 
points fixed and not subject to change with any degree of ease. 
The coming of automobile transportation freed mankind from his 
former isolation and widened the scope of his movements. ·with this 
new method of getting about he has seen the nation contract in· size 
until it now is no larger, measured in travel time, than was his native 
state in 1900; and his state he finds now resembles the county as he 
once knew it. 
This newer method of transportation is reshaping our lives in 
>mys not altogether understood, and for this understanding >rn must 
wait. In the meantime we can be assured that faster and easier travel 
is to be desired more and more in the future, and on this assurance 
we can go forward improving our motors and building better and 
safer roads. 
*Dean of the College of Commerce and Business Administration, University of Illinois. 
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IV. TYPES OF LOW-COST BITUMINOUS SURFACES 
(a) EXPERIENCES AND PRACTICES IN MISSOURI 
c. P. OWENS* 
It will probably be well to picture briefly conditions existing in 
::\Iissouri in order that you may better understand our interest in 
low-cost bituminous road surfaces, and the position that such types 
occupy in our state road system. \Ve will review some geography, 
some statistics, and some history. 
The northern half of our state, or all of that portion north of the 
Missouri River and a belt immediately south of the Missouri River, 
is highly developed farm land. The soils are rich gumbos, clays, and 
silts. These soils are ideal for farming purposes, but are of the type 
that once made Missouri famous, or rather infamous, prior to her 
good roads era, for impassable, muddy roads during wet seasons. The 
southern half of Missouri is made up lnrgely of her Ozark mountain, 
or rather hill, area. The terrain in this Ozark area is on the whole 
rugged, rough, and scenic. Large areas are covered with timber. Farms 
are small, but especially adapted for fruit, berries, and dairy farming. 
The soils are less productive, but ideal for road building purposes, 
being in the main quite stable and affording firm foundation for road 
building. 
As compared to that of Illinois, our topography throughout the 
state from north to south and east to west, ranges from rolling to 
hilly to approaching mountainous, except in the extreme southeast 
corner, which was leveled many years ago by a severe earthquake. 
In this New Madrid area the topography is quite flat and the eleva-
tion varies only a few feet in a mile. Although the state highways 
have been located with careful attention to directness of route, our 
alignments in general are winding and our profiles are rolling. 
On the east side of the state we have the large city of St. Louis 
and vicinity witl1 a population of over a million. On the west side of 
the state we have Kansas City and vicinity with a population of 
about half a million. Missouri is centrally located with respect to 
other states, and as a result of these facts we have a considerable 
volume of traffic moving east and west across the state. 
Our present state-road system is practically completed as to 
planned types. Also the construction program on our supplementary, 
*Engineer of Maintenance, Missouri State Highway Department, Jefferson City, Mo. 
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or farm-to-market system, is well under way, and at the end of 1934 
we find our completed mileage on both systems as follows: 
Farm-To- Per Cent 
Type State Routes Market Total of Total 
Brick and Concrete 3 446.6 miles 116.5 miles 3 563.1 miles 27.6 
Bituminous 
.315.0 29.1 " 344.1 2.5 
Oil Gravel Mats 1409.7 70.2 " 1479.9 11.4 
Gravel or Stone 2 637.7 3 872.8 " 6 510.5 51.0 
Graded Earth 67.0 731.6 " 798.6 6.1 
Temporary-Al! types 224.2 " 0.0 " 224.2 " 1.4 
Totals 8 100.2 miles 4 820.2 miles 12 920.4 miles 100.0 
From this we note that about 30 per cent of our system is paved; 
about 50 per cent is untreated gravel or stone surfaced; about 12 per 
cent is oil- or tar-treated gravel, and the remaining 8 per cent is of 
miscellaneous types. 
Our construction program was started in earnest about 1923. Main-
tenance under state supervision was begun in January, 1923. Shortly 
after starting maintenance, we began to observe what was happening 
to our gravel roads. 'Ve noted a serious loss of material, not only of 
gravel surfacing, but of the road bed itself. Our alignments were 
winding and we found traffic whipping our gravel away, especially on 
curves. In dry weather the road bed and binder was drifting into ad-
joining fields. Water was carrying gravel down grades, and even back 
to the creeks from whence it came; thus making not only redistribu-
tion but from time to time replacement of surfacing material necessary. 
In addition, heavily traveled gravel roads required frequent drag-
ging, and were dusty and dangerous for traffic in dry \Yeather. Traffic 
moved faster and faster, accelerating the process, increasing the 
hazards of driving, and increasing the expense to both motor vehicle 
operator and the Highway Department. We could visualize a time 
not far distant when reconstruction would become necessary. 
Early in 1927 we began to study low-cost bituminous construction 
in other states and decided to start our own experiments. In order to 
obtain fundamental information first hand, we bought our own equip-
ment and organized a small crew for the purpose of developing some 
satisfactory methods of treating gravel roads with bituminous ma-
terials adaptable to Missouri conditions. By working with our own 
equipment and crew we could vary the procedure as we saw fit. We 
tried many methods, some of which failed, and some of which were 
successful. As a result of our experimental work we have evolved five 
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major types of low-cost roads that are adapted to our traffic, soils, 
climate, and aggregates available at low cost. 
Low-cost bituminous roads should be low-cost in fact and not in 
name only, consequently, materials must be used that are available 
locally at low cost. Expensive methods, frills, unnecessary details, and 
methods of but little or doubtful value should be eliminated. How-
ever, care, skill, and judgment should never be eliminated, as their 
costs are usually negligible as compared with the benefits obtained. 
Oiled Earth Roads 
Oiled earth roads have· been used in the past as temporary roads, 
but with such success that we are now considering their use as a 
permanent type of surface, particularly in the northern part of the 
state on some of our farm-to-market roads, where traffic is light, and 
surfacing gravel is quite expensive. In the past uncompleted gaps in 
paved routes have been oiled and traffic has been carried quite satis-
factorily even through winter months in north Missouri. We have 
some mileage of nine-foot. concrete roads built on one side of the 
centerline with the idea that at a later date funds will be made avail-
able for the construction of the other half. Pending completion of the 
other half, road oil is used on the wide shoulder and serves fairly well 
as a substitute where traffic is not heavy. In north Missouri gravel and 
crushed stone cost from $3.00 to $4.50 per cubic yard on the road. 
Where traffic is light but the gra~es are heavy, it is quite expensive to 
keep this gravel in place, or to replace that ·washed away. The dirt 
surface can be oiled and maintained as an oiled surface at much less 
expense; at the same time it renders traffic a better service in that the 
roadway is smooth and dustless. 
Oiled earth construction is simple, but it should be done with con-
siderable care. The secret in getting a good job lies in the prepara-
tion of the road bed to receive the oil. The road should be carefully 
shaped and compacted well in advance of oiling. We prefer to have 
the road bed damp but not wet, with a little more crown than neces-
sary so that the crown can be shaved down with a blade grader just 
before oiling, moving the loose dirt towards the shoulders. The oil 
should be applied in two or more applications. We usually use one-
half gallon per square yard for the first application, from one-fourth 
to one-third gallon per square yard for the second, and from one-
fourth to one-third gallon per square yard for the third application. 
Each application should be allowed to penetrate and dry before the 
next application is made. After twenty-four to seventy-two hours, the 
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last application may be covered lightly with sand or dirt from the 
shoulders to take up pools of the excess oil. Road oil should be applied 
only in warm or hot weather. Oil of 125-225 Furol viscosity at 122 
deg. F. is commonly used. 
On oiled earth roads maintenance should start immediately. ·where 
oil has been applied on loose material, peeling usually results, and 
these places should be hand spotted with oil. Holes can be patched 
with a mixture of oil and earth. A friable soil that will crumble when 
dry should be selected, then the oil heated and mixed with this dry 
earth. Only enough oil should be used to barely bind the mixture when 
tightly squeezed in the hand. Black spots ~f oil will show on the hand 
and in the mixture. The general appearance will indicate that in-
sufficient oil has been used, but after the material has been stock-
piled for a week or ten days, the entire mixture will cure and blacken 
up. Where too much oil has been used the mixture will creep under 
the pounding of traffic. 
Oiled earth roads should be watched carefully, and dry or crum-
bling spots, or brown spots,· should be retreated with a light applica-
tion of oil, at least before cold weather. During the winter some holes 
develop which should be repaired as soon as possible. The following 
spring it is usually found necessary to use a Killefer or Baker disc 
scarifier, followed by a heavy four-blade long-base steel drag to re-
condition the surface. This treatment is followed up with an ap-
plication of oil varying from 0.3 to 0.5 of a gallon per square yard, 
and this puts the road in condition for another season of traffic. 
During oiling or re-oiling operations, traffic should be detoured, 
or regulated on one half of the roadway while the other half is being 
oiled. Fresh oil is dangerous and belongs on the road and not on 
automobiles. The cost of oiling earth roads varies from $500 to $700 
per mile, and subsequent treatments will cost approximately half the 
cost of the original treatment. 
Blotter Treatments 
The blotter treatment is quite similar to the oiled earth process 
in that the same careful preparation of the road bed is necessary. The 
amount of oil used is usually from ;{ to Y:i gallon more per square 
yard; and a slightly heavier grade (250-380 Furol) is usually used, 
especially for the final application. The final application is followed 
closely with a covering of stone chips, pea gravel, or coarse sand, at 
the rate of from 250 to 300 cubic yards per mile. The initial cost runs 
from $1000 to $1500 per mile, and the cost of the subsequent treat-
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ment is approximately half the original. The cover material used in 
this type thickens and toughens the mat and renders the surface less 
susceptible to injury by mutilative traffic. 
:Maintenance should start immediately. The cover material should 
be kept well distributed over the surface· by means of a broom 
or light wooden drags. Where the oil bleeds through additional cover 
material should be added. The peeled places should be hand spotted. 
After two or three weeks of intensive maintenance, the road should 
require only occasional attention during the remainder of the season. 
During winter months, or during excessively wet seasons, surface 
breaks on hill sides may be expected unless sub-soil conditions are 
ideal. These localities should be drained, or the soil stabilized with 
stone or gravel, or both, as circumstances dictate. 
Oil Gravel Mats 
At the present time there are nearly 1500 miles of oil and tar gravel 
mats in our state system. These mats can be built at a cost ranging 
from $1000 to $3000 per mile, according to the amount of new aggre-
gate necessary and the cost of the aggregate. The surfaces arc usually 
built twenty feet wide and the thickness range_s from 1 in. to 1 ¥:! in., 
the latter being preferred. The aggregates should be fairly well graded, 
ranging from 1 'l! in. down to fines or dust. Both slow-curing asphaltic 
residual oils, medium-curing cutback asphalts and light tars have been 
used successfully in this type of construction. 
Most of the oil gravel mats have been constructed by the road-
mix method. The road bed is usually stabilized as well as possible 
in advance of mat construction by intensive maintenance through the 
early fall and winter. months. Extra gravel is added to the roadway 
and as much of this material as possible is worked into the road bed. 
The following season this surface is cleaned, s'vept, and primed. Ad-
ditional aggregate is added to the windrow of material salvaged from 
the road surface. If a 1-in. mat is to be constructed, 325 yards of 
material per mile is necessary. If a 1 ¥:!-in. mat is to be constructed, 
approximately 500 yards of material per mile is necessary. I will not 
go into the construction details as this is a story in itself. 
Before building any bituminous surface, it is always desirable to 
have a well-compacted stable base to support the loads. However, 
to judge the stability of an old gravel road is quite difficult. The 
frequent use of a road drag or motor grader readily eliminates ruts 
and depressions. Soft road beds displaced by heavy wheel loads quite 
often spring back into place unnoticed. Consequently, it is often 
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difficult to properly judge the supporting power of an old gravel road 
bed. However, after a bituminous surface has been built, weaknesses 
are readily determined. 
·where bases are unknown or doubtful, gravel oil mats may be used 
"·ithout undue risk. The original cost is comparatively low, and in 
case the stability of the base has been misjudged, gravel oil mats are 
readily repaired, rebuilt, or re-thickened. In other words, gravel oil 
mats as built in Missouri have a high salvage value, and are easily 
reconstructed. As a general rule, failures are confined to small isolated 
places or t-0 particular portions of a project. Where areas of failures 
arc small, they may be promptly patched from stock-piled material. 
If areas of failure arc extensive, and winter weather conditions prevent 
repairs, the motor grader may be brought into play, and used as before 
to keep the broken spots bladed smooth in order that traffic may pro-
ceed without serious inconvenience. As soon as weather conditions 
become favorable, these broken areas are repaired by scarifying and 
blading the loose material to one side, and, after drying out and 
stabilizing the base, the mixture is rcspread and left to be compacted 
by traffic. Usually it is necessary to reprime the base and add a small 
amount of oil to the mixture. Failures resulting in a corrugated sur-
face are usually remedied by scarifying, drying out the base and mix-
ture, and resprcading without the addition of oil. Dry surfaces which 
show a tendency to ravel are treated with an application of oil or 
asphalt and cover material. 
During the first hot days, oil gravel mats sometimes bleed. Here 
maintenance must be prompt. Coarse %-in. aggregate graded down 
to sand should be spread to eliminate picking up and to restore the 
skid resisting surface. 
On one particular section we permitted the demands of the local 
people for a better type of surface to overcome our better judgment, 
with the result that we built a section of bituminous retread on a very 
unstable base. The first winter the entire section failed badly. We 
used heavy blades to windrow the material onto one shoulder and re-
surfaced the road with gravel. We installed a few drains to take care 
of the worst conditions, and continued to maintain the surface with 
motor graders throughout the winter, spring, and summer season. 
After the road bed had become thoroughly stabilized under this treat-
ment, we respread the treated material from the windrow, added a 
slight amount of bituminous material, and restored the treated surface 
to its original condition. 
Thus oil gravel mats are more adapted to sections where there 
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is some question as to the stability of the base. They will no doubt 
prove to be a valuable step in stage construction where traffic demands 
a higher type of surface with greater load supporting strength. 
Tar Road Mixes 
Tar road mixes range in cost from $2000 to $3500 per mile. These 
projects have been built where crushed stone was not available at 
reasonable cost, but where gravel could be crushed, washed and sized 
at a reasonable expense. Tar road mixes are usually built of a thick-
ness of about 2 inches, which requires 200 pounds of prepared gravel 
with from 1.4 to 1.6 gallons of tar per square yard. For primer, tars 
"·ith a viscosity ranging from 12 to 18 are used at the rate of 'l.J, 
gallon per square yard. For mixing with aggregate, tars with a vis-
cosity ranging from 60 to 85, or even heavier, are used. After mixing 
and leveling, the material is rolled. Tars have been used successfully 
in place of oil for the construction of gravel mats. 
Crushed Stone Retread 
The construction of crushed stone retread has been described from 
time to time elsewhere and its details will not be explained here. It 
is generally built by road-mixing clean stone graded from 2Y:i in. to 
% in. in size with a heavy grade of cutback or tar. Rapid-curing cut-
back asphalt of from 600-800 Furol viscosity at 122 deg. F .. and tars 
of 60-70 specific viscosity at 40 deg. C., or even heavier, have been 
used successfully in this type of bituminous surface. Surface voids are 
filled with %-in. chips. 
To construct a 2-in. wearing course of bituminous retread, it is 
necessary to use from 175 to 185 pounds of stone and stone chips per 
square yard mixed with from 1.1 to 1.2 gallons of bituminous ma-
terial per square yard. The cost of this type of bituminous construc-
tion varies from $4000 to $6000 per mile. 
Due to the original cost of bituminous retread and the relatively 
low salvage value in case of failure, it is quite essential that this type 
be constructed only where the bases have been thoroughly compacted, 
tested, and proven. However, where this type is constructed on an 
adequate base, it gives good service under fairly heavy traffic at a 
very reasonable cost. "\Ve have constructed several hundred miles of 
this type in Missouri, and we have had no failures except a few base 
failures. Small areas that fail are readily patched and repaired. Usu-
ally a light surface treatment, covered with stone chips or coarse 
sand, is necessary at periods ranging from three to seven years. 
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Where traffic increases demand a better type of service than that 
rendered by the oil mat type, and bases have been tested or strength-
ened over a period of years while traffic is using the oil mat, it is our 
opinion that the crushed stone retread type of bituminous construction 
should be the next stage. 
General Conclusions and Remarks 
In the construction of low-cost bituminous roads, the engineer is 
afforded an excellent opportunity to properly proportion theory and 
common sense. Low-cost roads have a particular. field to which 
they are adaptable. One of the worst mistakes that can be made is to 
attempt to get into the field of high-class pavements. The low-cost 
bituminous road surface does not compete with pavements. If an en-
gineer attempts to substitute these intermediate types for a pavement, 
he will undoubtedly come to grief. 
Also, the engineer should avoid unnecessary or expensive refine-
ments of doubtful value. H is desirable to have well-selected, well-
graded aggregates, but care should be used to avoid carrying the 
selection of aggregates and their gradation to unnecessary extremes. 
The gradations should be within reasonable limitations to insure 
reasonable success. 
To keep roads of this type in the proper price range, methods must 
be adapted to the materials and conditions at hand. Local materials 
should be used, and methods adapted to meet the requirements in 
using local materials rather than attempting to adapt materials to 
any method. 
In the construction of any bituminous road there is one especially 
good rule to follow, and that is to avoid the use of excessive quantities 
of bituminous materials. Leaving out base failures, most bituminous 
road failures are due to the excessive use of bituminous materials. In 
case of doubt, it is usually safer to build the road with a deficiency 
of bituminous material; following the same principle in constructing 
this type of road as you follow when salting your soup. Too much 
salt spoils the soup, and it is impossible to remove· the excess. Too 
much bituminous material spoils the road, and it is difficult to remove 
the excess. 
In case the road is constructed without sufficient bituminous ma-
terial, it is a simple procedure to use a pressure distributor and apply 
what is necessary to properly bind the road. If an oil mat has been 
constructed and is deficient in bituminous material, the condition will 
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soon reveal itself. Before any particular harm can be done by traffic, 
the needed amount can be promptly applied. 
Low-cost bituminous roads can be built smooth, but should not be 
slick. Usually the use of too much bitumen or a too high percentage 
of fine aggregates, or both, is the cause of slick surfaces. Slick sur-
faces can be cured by sealing with 200 penetration asphalt and cover-
ing with coarse hard chips. The use of light colored chips improves 
night visibility. 
Simple methods and direct measures should be used in the construc-
tion of low cost bituminous road surfaces. Frills and refinements 
should be eliminated, especially when they do not add to the value 
of the work. However, the work should always be done with care and 
skill. Usually these two items cost little or nothing. 
A properly built low-cost bituminous road surface presents an ideal 
appearing and driving surface when new or newly reconditioned. The 
motorists are highly pleased with the relief from loose gravel, dust, 
or mud. As sub-grade defects begin to appear, the inexperienced main-
tenance man is likely to become panicky. The natural tendency is for 
him to attempt to maintain the surface appearance as originally con-
structed, and if not careful he is likely to spend too much money main-
taining merely appearances and riding perfection. 
It may be well to point out here that the engineer who attempts 
low-cost bituminous surfaces and expects no failures is expecting too 
much. High-type pavements would be eliminated if we could build 
a surface costing from $500 to $3000 per mile that would remain in 
perfect condition three hundred and sixty-five days out of the year. 
Rather than compare the service rendered by low-cost bituminous 
roads with that rendered by concrete pavements, we should compare it 
with the service rendered by the original gravel surface. A gravel road 
is sometimes ideal for travel, but usually is somewhat rough, and 
during wet seasons of the year we find the surface extremely rough or 
rutted. If by building a low-cost bituminous surface, we eliminate 90 
per cent of the roughness, holes, and ruts, and at the same time bind 
and conserve valuable material and eliminate the dust, I feel that we 
have accomplished the purpose desired. The engineer building and 
maintaining a low-cost bituminous road surface should keep these facts 
in mind,-that he is building an intermediate type, rendering an in-
termediate highway service, and that he is not building and main-
taining a high-class pavement. If he does this he will not likely suffer 
disappointment or waste vast sums of construction and maintenance 
funds. 
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(b) APPLICATION TO CONDITIONS IN ILLINOIS 
"WALTER H. FLOOD* 
This subject is one of ever-increasing interest and importance in 
the highway field. This type of road lends itself to an almost endless 
variety of construction methods, and, while these methods have many 
points in common, they differ in details which may appear to be of 
minor importance, but which require careful attention to secure satis-
factory results. Too often these details arc carelessly neglected, re-
sulting in a failure which is falsely attributed to the type of construc-
tion. As with any other method of paving, low-cost bituminous roads 
require correct design, proper materials, and good workmanship. The 
subject is so broad that only a few general features will be touched 
upon in this paper. 
Just where to draw the line between a low-cost bituminous road 
and a high-type pavement is a question the answer to which actually 
depends upon a number of economic factors; but for the sake of 
simplicity it is usually considered that a twenty-foot road costing 
$10 000 per mile, or less, should be classified as low-cost, although 
from the standpoint of economics this figure could run higher . 
. Low-cost bituminous roads fall into two general classes, bitumi-
nous surface treatments, in which the wearing course is not more than 
one inch in thickness, and bituminous surface courses which are more 
than one inch in thickness. The latter may be further subdivided 
according to a wide variety of methods of construction, including road-
mix, plant-mix (hot or cold), natural rock asphalts, penetration ma-
cadam, the various types of cold-lay mixtures, etc. The term "bitu-
minous" covers a wide range of materials, including oils, cutbacks, 
emulsions, and solid tars and asphalts, of varying degrees of hardness. 
In common with other types of pavements, the preparation of the 
roadway for low-cost bituminous construction is of vital importance. 
Practically every kind and variety of road can be surface treated or 
resurfaced. Natural earth constitutes the largest part of the roadway 
surfaces of the country, and most of it can be successfully surface 
treated. Since changing conditions of moisture cause more or less 
plasticity in soils, with consequent loss of stability, it is essential that 
provision be made for adequate drainage, and it is desirable to keep 
the top of the water table at least six inches, and preferably twelve 
inches, below the bottom of the bituminous surfacing. Most natural 
soils have a fairly definite optimum water content at which they 
*Consulting Chemical Engineer, Chicago. 
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possess maximum stability, and, while this point will vary widely with 
the different soils, proper provision should be made to secure com-
paratively uniform moisture content within the required limits. 
Soil moisture may be generally considered as being of two kinds, 
capillary moisture caused by the surface tension of the water and 
\Yater flowing through the soil by gravity. High capillarity soils pre-
sent a difficult problem as they have low supporting value; this may 
be overcome to a large extent by mixing with them a local granular 
material. Adequate ditches and drains will take care of the gravity 
water, but will have little effect on capillary moisture unless they are 
so constructed as to lower the water level to a point where the capil-
larity of the soil is unable to bring the water close to the surface. 
A very effective method of securing proper drainage in flat country 
is to set the grade two to four feet above the level of the adjacent 
country by obtaining fill from wide ditches, thus lowering the water 
table to a point where the effect of capillarity is greatly reduced. Too 
much emphasis cannot be placed on the matter of adequate drainage, 
but it is also important that the roadway surface be made as uniform 
as possible, by blading and dragging, before the application of the 
bituminous material. Every portion of the road should approach in 
character every other portion, since if the surface is not uniform it will 
result in an uneven absorption of the bituminous material 
Before applying the bituminous material the roadway surface 
should be in a uniform, loose, damp, but not wet, condition. If too dry 
there will be too much dust present, preventing absorption of the bi-
tmninous material. Too much moisture present will also limit the 
absorption. 
The bituminous material should be of low viscosity, as it is im-
portant that maximum penetration be obtained. If liquid asphalt is 
u5ed, a viscosity of 40 to 150 at 77 deg. F., such as the MCl material 
of the Asphalt Institute, gives excellent results. A total of about one 
gallon per square yard in three applications is usually sufficient for 
most soils, the first application being about one-half gallon, and the 
;;:econd and third each about one-quarter gallon. Complete absorption 
should be allowed to take place between applications; this may take 
from four or five hours to as much as seventy-two hours, depending 
upon the character of the soil and weather conditions. If the weather 
is hot, the bituminous material may be applied cold, but in cool 
weather best results are obtained by heating the material to about 
140 deg. F. 
Some years ago road oils were almost universally used in construct-
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ing oiled earth roads, but many of these oils were lubricants, rather 
than binders, and recently the asphalt and tar industries have de-
veloped cutback materials consisting of soft, solid, sticky bitumens 
dissolved in selected distillates, resulting in liquids of various viscosi-
ties to meet particular conditions. The distillates gradually evaporate 
from the road, eventually leaving a solid, sticky residue. The selec-
tion of the correct bituminous material is of great importance. One 
which leaves a hard residue will produce a brittle surface which will 
break up badly, especially where there is an uneven settlement of the 
sub-soil, a condition which is frequently present. The amount of 
bituminous material is also an important factor, as too little will 
result in crumbling of the surface, whereas an excess will cause 
displacement. 
:Mention has been made of the treatment of high capillarity soils 
by admixture with a local granular material. If this material is not 
available, a successful method is to grade the roadway to within twelve 
inches of the finished profile grade, apply a hot asphalt cement of 
about 200 to 300 penetration to the surface, replace the earth, and 
finish with a blade and drag to the finished profile. About 0.3 gallon 
per square yard of low viscosity liquid asphalt or tar of the character 
previously described is applied, followed after absorption by a slow-
curing liquid asphalt or soft asphalt cement. By extending these last 
two applications over the side slope, the entire twelve-inch thickness 
is completely sealed in, keeping its moisture content fairly uniform. 
·while the foregoing discussion concerns surface treatments, prac-
tically the same considerations apply to bituminous surfaces. The 
base should be constructed with the same care and primed with a lovv 
viscosity bituminous material, which serves both to consolidate the 
base and as a bond with the wearing surface. 
Two general types of surfaces are used, close-graded aggregate 
and open-graded aggregate, often called macadam aggregate. These 
two types require distinctly different asphaltic materials. The close-
graded aggregate type consists of continuously-graded gravel or crusher 
run stone,· both containing substantial amounts of particles passing a 
200 mesh sieve. Careful attention should be paid to the grading in 
order to obtain as great a density as possible. Since such an aggregate 
possesses considerable stability, a relatively soft bituminous material 
will produce good results. Both medium- and slow-curing liquid 
asphalt materials have proven satisfactory, although the slow-curing 
have been more extensively used. 
With the coarse-graded aggregate type, heavier bituminous ma-
terial is required, such as a rapid-curing liquid asphalt or an emulsion, 
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since a heavier coating of bitumen is necessary to overcome the 
tendency of the coarse aggregate to move after compaction. 
The choice of type will depend upon the nature of the existing 
roadway and the availability and cost of the aggregate. Time will not 
permit of a description of the details of construction. It is essential 
that the proper amount of bituminous material be used, and this may 
be calculated from one of several formulas which have been developed. 
The aggregate and bituminous material should be thoroughly and uni-
formly mixed by dragging. A seal coat should be applied to both 
types of construction. This consists of pea gravel or stone chips with 
a rapid-curing bituminous material, and may be applied several weeks 
or several months after the completion of the surface. 
Plant mixes, either hot or cold, have proven very successful and 
in many cases the cost is low, even for the hot-mix type. Plant mixes 
have the advantage of greater uniformity and ease of control of the 
mixture, and since heavier bitumens are used, they are more stable 
and more resistant to the action of water. 
The proprietary cold-lay mixtures have given good results and may 
be laid directly on the prepared roadway or on a bituminous base. 
The same is true for the natural rock asphalts. These have been used 
for many years, and, with correct design and construction methods, 
have been very successful. A widely used type of natural rock asphalt 
construction consists of about one to one and one-half inches on about 
four inches of a bituminous base made up largely of coarse aggregate. 
In the past four years Pennsylvania has built 12 000 miles of 
secondary roads, most of them with some kind of bituminous treat-
ment, at an average cost of about $6000 per mile. A New York county 
constructed one of their more heavily traveled highways with a total 
thickness of ten inches of bituminous-treated aggregate laid in three 
courses, at a cost of $10 000 per mile. Michigan has constructed many 
miles of two-course 3-inch hot-mix asphalt surfaces on a gravel base 
for approximately $10 000 per mile. 
Specifications for low-cost bituminous roads cannot be standardized 
· as is the case for high-type construction. A specification should be 
prepared for each individual project, since conditions may be entirely 
different on various projects. 
\Vhen properly constructed, low-cost bituminous roads frequently 
approach, and occasionally exceed, in service the high-type construc-
tion, at a great saving in cost. They have not been given the con-
sideration and attention they deserve, probably due to the fact that 
it has not been recognized that failures attributed to them have been 
due in most instances to faulty design and careless workmanship, 
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rather than to any inherent weakness they might possess. Their re-
covery value. is high, permitting of stage construction, so that they 
may be converted with little or no loss of materials into a high-type 
pavement by successive superimposed courses. Thus it is easily pos-
sible to obtain twenty-five years and more of satisfactory service 
under heavy traffic at a cost of from $15 000 to $20 000 per mile. 
From the standpoint of labor, it was brought out by Mr. McDonald, 
Chief of the U. S. Bureau of Public Roads, that bituminous types re-
quire more labor on the right of way than any other type, the labor 
requirement being three times that for concrete. This is a vital con-
sideration under present conditions, since it will help solve many 
problems in the employment of local relief labor. 
Some low-cost roads, especially those in the higher-cost brackets, 
have successfully withstood the heaviest traffic, and while, as Profes-
sor Crandell has so aptly said: "they were never meant to carry heavy 
through traffic," low-cost bituminous roads should take a commanding 
position in the field of highway engineering. 
V. PRACTICAL SOIL STABILIZATION" 
(a) REPORT OF THE DIVISION. oF TESTS, U.S. BUREAU OF PUBLIC ROADS 
C. A. HoaENTOGLER* 
Earth structures lose stability mainly as a result of soil being 
squeezed out from beneath the loaded area. Such displacement or 
lateral flow of the soil is responsible for the failure of fills due to 
sliding, the penetration of subgrade soil into the interstices of porous 
base courses, and the rutting of subgrades and base courses (see Fig. 1). 
Soil movement during loss of stability or rutting is illustrated by 
Fig. 2. It is assumed that the load is applied for an indefinite length 
over a width of 2b. For .deformation under the load to occur, the sec-
tion A must shear along some plane such as S and displace laterally 
as indicated in Fig. 2, (b). But at the same time the adj a cent section 
marked C must shear along some surface as S' and, in consequence, 
displace upwards forming a bulge adjacent to the loaded area as shown 
in Fig. 2, (c). 
Actually the surfaces S and S' may be parts of a continuously-
curved surface but, for mathematical treatment, they may be con-
sidered as separate plane surfaces without introducing a large error. 
If rutting is to be prevented, the prism C must resist displacement 
sufficiently to prevent the lateral bulging of the prism A. This may 
be accomplished by two means, separately, or in some combination. 
The shear strength along the planes S and S' must be sufficiently high 
to prevent sliding of the prisms, or sufficient pavement weight must be 
placed adjacent to the loaded area to prevent the upward bulging of 
the prism C. 
Internal Friction and Cohesion 
Table 1 gives theoretical supporting values for conditions of load 
as shown in Fig. 2, and serves to illustrate the effect of internal fric-
tion and cohesion. These data disclose that the supporting value of 
clay soils may drop from as much as about 12 000 pounds per square 
foot to less than 400 pounds per square foot due to drop in cohesion. 
While the stability of a cohesionless sand may be less than 300 
pounds per square foot and that of a fairly stiff clay about 5000 
pounds per square foot, these two materials properly combined might 
have a supporting value of more than 17 000 pounds per square foot. 
As a matter of fact, only the cohesion of an almost liquid clay, about 
*Senior Highway Engineer, U. S. Bureau of Public Roads, ·washington, D. C. 
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-,-~~ 
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s' 
S!ia'inq Pla17e°" 
(c) 
Fm. 2. SHEAR PLANES ALoN'G WHICH LATERAL 
DISPLACEMENT OF SOILS OCCURS 
130 pounds per square foot, is required to increase the supporting 
value of cohesionless sand from 270 pounds per square foot to 2500 
pounds per square foot. 
The internal friction is furnished by such materials as sand, gravel, 
slag, and crushed stone, which usually comprise the granular aggregate. 
Cohesion is furnished by crystalline chemical formations in port-
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TABLE 1. INFLUENCE OF INTERNAL FRICTION AND COHESION 
UPON THE STABILITY OF SOILS 
Angle of 
Internal Supportjng Cohesion, c Friction, Value 
Soil Typ.es .p q* 
lb. per sq. ft. Deg. lb. per sq. ft. 
Clay, liquid ..................... 100 0 400 
Clay, very soft .................. 200 2 860 
Clay, soft ....................... 400 4 1,850 
Clay, fairly stiff ..............•.. 1,000 6 4,970 
Clay, very stiff .................. 2,000 12 12,490 
Sands, dry ...................... 0 34 270 
Cemented sand and gravel. ....... 1,000 34 17,340 
31 
Cohesion c 
Required to 
Increase q 
to 2,500 lb. 
per sq. ft. 
lb. per sq. ft. 
131 
*Computations on assumptions that weight of the soil equals 100 lb. per cubic foot and width of 
loaded area equals 3 inches. 
land cement mixtures; by bitumen, in tar and asphaltic mixtures; by 
rock or slag powder ancl moisture films in crushed stone, slag and 
gravel mixtures; by colloidal clays and moisture films in top soil, 
sand-clay, ·and similar light-textured soils; and by moisture films 
alone in beaches stabilized temporarily by the tides. 
Whether the mixture of granular material and binder becomes a 
stabilized subgrade, a soil road surface, or a high-type pavement, the 
ultimate stability depends upon the permanent adhesive strength which 
can be developed by the minute binder films which connect the soil 
particles. This strength depends not only on the characteristics of 
the moisture, bitumen, or crystalline binders, but also upon those 
of the soil particles and the films of gas or other substances with 
which the soil particles may be covered. 
The assumption that soil consists of inert solids of constant volume, 
and of pores which enlarge and shrink as the soil mass changes in 
volume is valid enough for use in the interpretation of the results of 
the physical soil tests. 1 However, as a result of the disintegration, 
degradation, and decomposition of rocks, and of the influences of 
animal and plt1nt life, soluble materials, gels and bacteria -also are 
usually present.* The important bearing which such materials may 
have upon the selection of admixtures for use in the stabilization of 
soils is suggested by the theory of adsorption as· presented by Ban-
croftt and summarized in the section to follow. 
*Frank IC Cameron, "The Soil Solution/' The Chemical Publishing Company, Easton, ·Pa., 
1911, and Williams and Norgate, 14 Henrietta Street, Covent Gardens, London, England. 
tW. D. Bancroft, "Applied Colloid Chemistry," McGraw-Hill Book Company, Inc., 1932. 
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Matter in Film Phase 
All solids tend to adsorb or condense on their surfaces any gases 
or vapors with which they are in contact. For a liquid to wet a solid 
in the presence of air, the liquid must be adsorbed more strongly than 
the air and must displace the air. Due to adsorbed air on the surface 
of the solid, drops of rain, after a period of drought, will often roll 
along dust without wetting it. 
A drop of water, as from an oar of a boat or paddle of a canoe, 
may fall on a sheet of water, become submerged and then emerge with 
the upper portion of the drop apparently unwetted by the liquid with 
which it has been covered. 
All campers are familiar with the unpleasant fact that touching 
canvas with one finger will cause a tent to leak in the rain. It matters 
not whether the touching is from the inside or the outside. It either 
contracts the air spaces and drives out the air so that the water 
enters when the finger is removed, or it expands the air spaces and 
allows water to run in. Either way, air is displaced at that point and 
water enters. 
Change in the electrolytic properties also may facilitate the wetting 
of materials. It has been found that mercury wets platinum only 
when a current is flowing. At other times there is evidently an air film. 
, A vertical jet of water breaks into drops which scatter because an 
enclosing film of adsorbed air causes the drops to rebound when they 
strike one another. A feebly-electrified body brought close to the jet 
causes the air films to be removed to such an extent that the drops 
coalesce and form a coherent stream. It is possible to press together 
two soap bubbles, which are merely hollow drops, with considerable 
force, without causing them to coalesce unless they are electrified 
slightly, when they coalesce readily without bursting. Dr. F. E. 
Hance has observed that samples of soil which resist slaking in-
definitely when immersed in distilled water may disintegrate almost 
instantaneously when immersed in drinking water from the faucet con-
taining electrolytes in solution. · 
The selective character of the adsorption of adhesives in soil sta-
bilization is indicated by the reports of Winterkorn,* Reagel, and 
Schapplert of the J\fissouri State Highway Department. 
Their work discloses that some bases have greater affinity for 
bitumen than for water, and that the reverse is true for other bases. 
*"Oiling Earth Roads; Application of Surface Chemistry," Hans Winterkorn, Industrial and 
Engineering Chemistry, VoL 26, August 1934. 
t"Stabilizing Sand and· Gravel Surfaces," R. C. Schappler, Kansas Highway Conference, 
:\Ianhattan, Kansas, February 5, 1934. 
... 
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Pretreatment with soap facilitates the mixing of some soils with bi-
tuminous materials. The greater adhesion of the oil to the soil afforded 
by the soap pretreatment was demonstrated when a heavy rain washed 
the soil from a commonly-constructed earth-gravel oil mixture but 
did not wash it from the soap-treated section. It was indicated also 
that different soaps may be desirable for different soils. For every soil 
it is possible to select a cation for exchange which will adjust the 
properties of the soil as desired. 
Some conception of the enormous density of adhesive films is 
furnished by the thought that the transition of a pure liquid to its 
own vapor is not abrupt, but that over a narrow range all the densities 
intermediate between those. of the vapor and of the liquid actually 
occur. Williams* has suggested that the first layer of an adsorbed 
gas vapor may be under a pressure of as much as 10 000 atmospheres, 
graded then from· the corresponding density to that of the liquid in 
bulk in the outermost layer. The transition film for carbon dioxide is 
said to be about 3 ten-millionths of an inch thick. 
Water also changes in character with diminishing . size of film. 
Drops 1.:lo 000 inch to about one millionth inch in size, suspended in 
the air, appear as fog. if you walk through them and as a cloud if you 
look at them from a distance. Under electrical stress they coalesce to 
form raindrops at sizes of about% 300 inch to 1.:1 inch, which eventu-
ally become moisture films in soils. 
Moisture filling the pores of sandy and silty soils and of clay soils 
above the plastic limit has, in general, the evaporation and freezing 
characteristics and the surface tension of water in bulk. When drying 
or mechanical compaction reduces the density of the clay below that 
at the plastic limit, the boiling point of the film rises, the freezing 
point lowers, and the surface tension increases, so that these films 
become somewhat tougher than water in bulk.t This causes the soil 
to change from a plastic to a semisolid material. In thicknesses below 
2 millionths of an inch, the films behave, according to Terzaghi, like 
semisolid substances.:j: 
Wettability of the solid should be distinguished from wetting 
power of the liquid. Wetta~ility represents the tendency of a solid 
to be wetted, and may be expressed in terms of energy per area of 
surface. Wetting power represents the attractive force which the 
liquid exerts on the solid and may be expressed in terms of attractive 
force. Various means for determining this force have been suggested. 
*Proceedings of the Royal Society, Vol. 98A, 1920, p. 223. 
t"Simplified Soil Tests for Subgrades and Their Physical Significance," Charles Terzaghi, 
Public Roads, Vol. 7, No. 8, October 1926, p. 154. 
tPhysical Review, Vol. 16, 1920, p. 56. 
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FIG. '3. COMBINED PERMEAMETER AND CAPILLOMETER 
FOR TESTING SOILS 
As early as 1896 different forms of apparatus were described (see 
Bancroft) in which water evaporates through a porous tube or a 
porous cup of plaster into dry air. As the water evaporates, mercury is 
drawn up into the tube, and if bubbles of air do not form, can reach 
incredible heights, limited by the tensile strength of the liquid. 
The drainage indicator described before the Highway Research 
Board* in 1931 utilized this principle, as does also one modified form 
shown in Fig. 3 and another in Fig. 10. It consists of a glass container 
with perforated metal bottom, manometer, graduated glass tube, and 
valves arranged as shown .. vVater introduced through the valve A 
passes down the graduated tube into the glass container, to the soil 
sample held between a perforated plate above and the perforated 
bottom of the glass container below. 
With the valve A open and the valve B closed, the device serves 
as a simple permeameter by means of which the coefficient of per-
*"Present Trend of Subgrade Research," C. A. Hogentogler and E. A. Willis, ·Proc. 12th 
Annual Meeting of the Highway Research Board, December 1932. 
CONFERENCE ON HIGHWAY ENGINEERING-1935 35 
meability of the sample may be determined. With the valve A closed 
and the valve B open, the device. serves to disclose the resistance 
which the moisture exerts to expulsion from the soil pores. This is a 
measure of the adhesive attraction of moisture for the soil particle 
which is responsible for the rise of capillary moisture in the pores of 
soils. 
The greater this attraction, the higher above the water table will 
moisture wet the surfaces of soil particles. The high tensile strength of 
water causes columns of moisture to be drawn up into the soil as the 
surface coating films, acting like thin elastic rubber diaphragms, 
proceed along the walls of the por~s of the soil. 
For equal pore size, the greater the adhesive attraction the higher 
will be the capillary rise. For equal adhesive attraction, the height 
to which capillary moisture will rise increases as the diameters of the 
pores decrease. The force which lifts the moisture columns depends 
upon the circumference of the capillaries. The weight of columns 
depends upon the cross-section areas of the pores. As the pores become 
smaller the ratio of circumference to area increases. The lifting power 
thus increasing at a more rapid rate than the weight to be lifted 
accounts for the increasing height of capillary rise with decreasing 
pore size. 
In sands the ratio of circumference of pore to area is so small that 
detrimental capillary rise is not to be expected. In silts (particles 
between 0.05 mm. and 0.005 mm.) the circumference-area ratio is 
sufficiently small to produce capillary rise of several feet or more. The 
pore area is large enough to facilitate the movement of moisture, and 
this, combined with the fact that the films retain the properties of 
water in bulk phase, ~auses capillary moisture in silts to rise rapidly 
enough to produce frost heave. However, such films do not furnish the 
cohesion required in soil binders. 
In clays (particles smaller than 0.005 mm.) capillary moisture may 
rise to much greater heights than in silts. The pores, however, may 
become small enough to retard the flow of moisture, which, combined 
with the fact that the films may be more viscous than water in bulk, 
usually prevents the capillary moisture in plastic clays from rising fast 
enough to produce frost heave. It is this type of film which furnishes 
the cohesion required in soil binders. 
Capillary moisture entering unconfined soils may separate the 
,. particles to such an extent as to cause the soil mass to lose all sem-
blance of stability. In confined soils the entrance of capillary moisture 
may be productive of enormously high pressures. 
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When the pores arc filled with moisture the attractive force of 
moisture for soil particles has be.en satisfied. Consequently, there is 
no tendency for additional moisture to enter the pores due to capil-
larity even in soils compacted to high density. Under these conditions 
expansion may occur due to elastic rebound of the soil particles, but 
not to capillarity. 
The relative resistance of wet and dry soil samples to the entrance 
of capillary .moisture is demonstrated by experiments reported in 
"Public Roads" of the issue of June 1931. 
Two disks cut from each of a· number of compressed soil samples 
were immersed in water-one in the wet state, and the other after 
being dried to constant weight. Sixty-seven of the disks immersed· in 
the ·wet state remained intact after being immersed for an average 
period of nine months. The corresponding disks, immersed in the dry 
state, disintegrated after being immersed for periods ranging from 
10 minutes to one hour. 
The very fine vapor films have an adhesive power so great that 
they cannot be removed from glass by heating at temperatures up to 
500 deg C., nor from soils by forces of from 9000 to 15 000 atmos-
pheres. Keen* showed that samples of sand grains with binder of 
clay colloids can be 19 times as strong in compression as similar 
samples of sand grains with an equal proportion of portland cement 
binder. 
In the frosted glass industry, gelatine or glue coatings drying ori 
rather thick glass exert a tenacity high enough to tear away the sur-
face of the glass itself, chipping it into fern-like patterns. A brittle 
glue will give a different pattern from that given by a tough glue and 
the addition of salts also modifies the patterns .. 
The whole theory of adhesion depends on the fact that the cement-
ing material adheres strongly to the two surfaces and hardens there. 
For a given adhesive and given materials the thinnest film gives the 
strongest joint. The thickness of films. depends upon both the ad-
hesive and the materials to be cemented. A slight change in the elec-
trolytic properties of the latter is sufficient to cause a considerable 
variation in the thickness of the adhesive film and consequently in 
the strength of the resulting joint. 
Thus means to provide a strong and lasting joint between soil 
particles and the adhesive films connecting them becomes the basic 
consideration in the stabilization of soils. 
*Bernard A. Keen, "The Physical Properties of the Soil," Longmans Green and Company, 1931. 
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Methods proposed for accomplishing this purpose include the use 
of admixtures, mechanical consolidation, and waterproof coverings. 
The admixtures arc: . . 
(1) Soil materials of the proportions and the character to 
furnish the grading which causes the contained moisture films to 
have high adhesive strength 
(2) Deliquescent chemicals to provide the moisture films in 
soil mi~turcs with strength more uniform and lasting, under con-
ditions of changing atmospheric moisture and precipitation, than 
that due to the grading of the soil materials alone 
(3) Chemicals with the electrolytic properties required to fa-
cilitate the replacement of existing films of air or natural gels on 
soil particles with moisture or other adhesives in thin films of 
high strength 
(4) Adhesives to furnish films more substantial than those of 
moisture alone.to permanently destroy the clay and colloidal proper-
ties responsible for detrimental volume change in soil mixtures. 
The consolidation required to furnish well-graded materials with 
a high but more or less qualitative degree of density may be obtained 
partly by rolling during construction and partly by the action of traffic 
afterward. In the stabilization of poorly-graded or fine-grained ma-
terials, whether for use as base courses, subgradcs, or embankments, 
consolidation to provide a quantitative degree of density predetermined 
by test is required as part of the construction procedure. The terms, 
compaction for the qualitative type, and dcnsification for the quantita-
tive type, arc used to distinguish the two kinds of consolidation. 
Waterproof coverings arc to protect the densified mixtures fro.in 
evaporation of moisture films and subsequent softening with change 
from dry to wet weather. 
Essential Features of Well-Graded Materials 
Graded materials required to make firm and hard road surfaces 
consist of coarse aggregate and soil mortar. The coarse aggregate is 
that portion retained on the No. 10 sieve, and includes particles of 
natural gravel, supplemented when necessary with crushed stone or 
slag (see Fig. 4A). 
The mortar includes coarse sand or other granular material pass-
ing the No. 10 sieve and retained on the No. 60 sieve; fine sand pass-
;· ing the No. 60 sieve and retained on the No. 270 sieve, silt, clay, and 
moisture. 
The coarse aggregate and coarse sand furnish structural strength 
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Fro. 4-A. SAND-CLAY ROAD, M uscooEE CouNTY, GEORGIA 
Photo by Courtesy of U.S. Bureau of Public Roads 
and hardness; the fine sand adds an embedment support to the coarse 
sand; the silt acts as a filler to prevent the granular particles from 
rocking ; and the clay and colloidal particles provide pores minute 
enough to cause connecting moisture films which produce high cohesion. 
Satisfactory mixtures are designed to have interlocking of grains 
and capillary moisture forces sufficient to furnish the granular aggre-
gate with high stability during wet weather and enough cohension in 
the binder soil to maintain the integrity of the surface during dry 
weather. 
The degree to which mixtures satisfy these requirements is indi-
cated by the grading of the entire soil sample, and the plasticity 
limits of the fraction of soil passing the No. 40 sieve. 
The grading of mixtures which should prove satisfactory is desig-
nated by the following composition limits, by weight: 
Passing Per cent* 
1-inch screen .. -................... . ... . .... 100 
%:-inch screen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85-100 
%-inch screen ..... .. . .... : . . . . . . . . . . . . . . . . 55.:.100 
No. 4 sieve . ... .. .. . . . ... : . . . . . . . . . . . . . . . . . 55-85 
No. 10 sieve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40-65 
No. 40 sieve .. . ..... . . . . . . . . . . . . . . . . . . . . . . . 25-50 
No. 270 sieve. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-25 
*Material of greater maximum size can be used under certain conditions, but the largest 
aggregate should never exceed lfi.i the thickness of the stabilized layer, nor have more than 10 
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,Liquid limits up to about 20 or slightly more indicate sandy ma-
terials with negligible capillarity. Liquid limits up to about 35 indicate 
the.capillarities which may be expected in satisfactory binders. 
The greater the plasticity index for equal liquid limits, the stronger 
the indication that the capillarity is due to the presence of the clays 
which furnish cohesion, and consequently, that the cohesion of the 
material is greater. Generally, plasticity indexes of about 3 or less 
indicate su'fficient binder cohesion for use in road construction under 
unusually wet conditions, of 4 to about 8, for use under conditions of 
average moisture, and of 9 to 15, inclusive, for use only under dry or 
arid. conditions: Plasticity indexes exceeding 15 indicate soils not 
suitable for road surfacing. 
·' As an additional guide in the selection of binders for use in 
road construction under unusually wet conditions, field moisture 
equivalents up to 21, 21 to 25 inclusive, and exceeding 25, indiCate, 
respectively, high, medium, and low resistance to softening. 
Use of Deliquescent Substances to Prevent Excessive Loss . 
of Moisture in Dry Weather 
Absence of moisture films from soil road surfaces causes dust and 
raveling; too much moisture causes rutting. The dryer a road surface 
becomes as a result of evaporation, the wetter a rain will make it. 
This is because extreme dryness causes small cracks and fissures to 
form in the clay binder through which rain water may enter and 
soften the interior of the road surface. Fissures do not form in damp 
surfaces of properly selected constituents, and water will be shed from 
the $.Urface without injurious effect. 
Dampness of surface is desirable for another reason. All types of 
top-soil, gravel, traffic-bound, and even water-bound macadam roiid 
surfaces acquire their final consolidation through compaction by traffic 
during what might be termed a period cif seasoning following con-
struction. When the surfaces are dry during this period the mineral 
binder powders under traffic, and permits raveling of the surface, pro-
ductive of surface roughness which requires extensive patching of the 
macadams, and maintenance by means of mulch on the other types. 
If such surfaces can be maintained. in ·a damp or slightly moist 
state the moisture films in the minute pores of the binder will prevent 
the separation of the granular particles, and the shocks and blows 
produced by traffic become effective in gradually wedging the granular 
per cent greater than 1 inch. The fraction passing the No. 270 sieve should be less than % the 
fraction passing the No. 40 sieve. 
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Frn. 4-B. LoosE-SURFACE TYPE STONE RoAD, STATE ROAD No. 46, INDIANA 
FIG. 4-C. SAME ROAD AS SHOWN IN FIG. 4-B AFTER TREATMENT 
WITH CALCI M CHLORIDE 
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FIG. 4-D. SALT-TREATED GRAVEL ROAD, MICHIGAN 
fragments into close as ociation. The cohesion increases as the pores 
in the binder become maller, and finally the coarse aggregate, the 
and, the filler, and the binder are formed into a stable, durable road 
tructure. ' 
Calcium chloride* is the principal chemical used in this type of 
stabilization, although common alt has been used to a limited extent 
in experimental ections (see Figs. 4B, 4C, and 4D). The hygroscopic 
property of calcium chloride causes absorption of moi ture from the 
air during periods of high humidity, and also slows up the rate at 
which soils lose moisture. 
The high density attained during compaction by traffic is indicated 
by dry weights of as much a 150 pounds per cubic foot which have 
been ob erved for wearing cour e treated with calcium chloride and 
common salt. 
Permanent Densifica tion of Soils 
The procedure is to treat the soil with just enough moisture or 
other adhesive to satisfy it ad orptive attraction at a desired state of 
• ee Proc. Twelfth Annual Meeting Highway Research Board , Part II; R eport by Fred 
Burggraf. 
"Stabilized oil-Bound Road Surfaces ," W. R. Collings and L. C. Stewart, Engineering 
News-Record, May 24 , June 7 and June 14, 1934. 
"Soil Stabilization and Low Cost Roads," B. C. Tiney, Canadian Engineer, October 17, 1933. 
"Stabilizing Michigan Gravel Roads with Clay and Calcium Chloride," E. E. Blomgren and 
J. W. Kusbing , Public Works, January 1934. 
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FIG. 5. PROCTOR COMPACTING CYLINDER (LEFT) AND 
PLASTICITY NEEDLE (RIGHT) 
density, and to provide this state of density by suitable methods of 
compaction. 
In 1925, Milburn* showed that there is an optimum binder content 
at which maximum density of bituminous mixtures may be attained, 
and in 1928 J acksont stated that it was generally known that there is 
an optimum water-cement ratio for each portland cement concrete 
mixture. 
Proctor,:j: in a· series of reports has shown that for every soil there 
is a moisture content at which maximum compaction can be obtained 
with a sheepsfoot roller during construction. The extent of this com-
paction is readily ascertained by testing samples at different moisture 
contents under impacts of a standard tamper in the laboratory. 
In the Proctor tests, soil samples are compacted at different mois-
ture contents in a Ya 0 -cu. ft. cylinder by the impact of a 57fi-pound 
rammer, and the density of the compacted soil is computed from the 
*"A Deformation T est for Asphaltic Mixtures," H . M. Milburn, Public Roads, Vol. 6, 
No. 6, August 1925. 
t "The Design of Pavement Concrete by the Water-Cement Ratio Method ," F. H. Jackson , 
Public Roads , Vol. 9, No. 6, August 1928. 
l " Fundamental Principles of Soil Compaction," R. R. Proctor, Engineering News-R'eeord, 
Vol. 111 , No. 9, August 31 , 1933. 
" Field and Laboratory Determination of Soil Suitability," R . R. Proctor , Engineering News-
Record , Vol. 111, No. 10, September 7, 1933. 
"Field and Laboratory Verification of Soil Suitability," R. R. Proctor, Engineering News-
Reeord, Vol. 111 , No. 12, September 21 , 1933. 
"New Principles Applied to Actual Dam Building," R. R. P roctor, Engineering News-
Reeord, Vol. 111 , No. 13, September 28, 1933. 
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Fm. s; APPARATUS FOR TESTING DEFORMATION OF DENSIFIED 
SOIL UNDER CHANGE OF LOAD, AND EXPANSION 
IN PRESENCE OF MOISTURE 
actual ·weight of soil and the moisture content, and expressed in 
pounds per cubic foot. The bearing power of the compacted soil is 
determined for each moisture content by measuring the force needed 
to push a needle of known end area into the soil at a speed of Y:i inch 
per second. 
Figure 5<> shows the compacted fill material being tested with the 
plasticity needle. In the background is the type of sheepsfoot roller 
used to compact the fill. 
Figure 6 shows the two curves resulting from the test, the weight 
of dry soil-mixture content relation, and the bearing value-moisture 
content relation. The weight of dry soil-mixture content curve dis-
closes that a moisture content of about 19 percent, with a correspond-
ing bearing value of about 1,100 pounds per square inch, is re-
quired if maximum compaction is to be attained. 
If, at the specified compaction, the bearing value of this particular 
soil is indicated by the plasticity needle to be higher than 1100 pounds, 
the increase can be considered as only temporary if the fill is to be 
unprotected from water after construction. Thus a bearing value 
of 1600 pounds per square inch indicates a moisture content of slightly 
less than 17 per cent. This corresponds to a dry weight of about 106 
pounds per cubic foot. At this density the soil. can take up moisture 
to a maximum of slightly more than 20 per cent which, in turn, cor-
responds to a bearing value of but 600 pounds per square inch. 
Figure 7 illustrates how dry-weight moisture content curves may 
be used to disclose the effect of various admixtures in increasing or 
decreasing the stability of soil. Curves furnished by tests of samples 
*Figures 5, 6, and 7 supplied by C. A. Hogentogler, Jr., Soils Engineer, Back Creek Earth Dam Project, U. S. Forest Service. 
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treated with admixtures which serve to decrease the density are 
lower and to the right of the curve furnished by tests on the untreated 
sample (see admixture No. 1). Curves furnished by tests of samples 
treated ,;,,ith admixtures which serve to increase the density are higher 
and to the left of the untreated soil curve (see Nos. 2, 3, and 4). 
Decrease in the degree of compaction has the same effect as admix-
tures which serve to reduce the density. Increase in the degree of com-
paction serves to increase the obtainable density. 
The extent to which samples of densified soil will deform under 
change of load or expand in the presence of moisture may be learned 
by testing them in apparatus such as shown in Fig. 8. Such tests 
were performed on a sample of one of the most troublesome of sub-
grade soils-due to excessive volume change-the highly tenacious 
and sticky soil from zone B of the Iredell series. 
A sample compacted at optimum .moisture content was placed be-
tween the dry porous stones in the apparatus and a load applied in 
increments up to 8.2 tons per square foot. The load was then reduced 
to 0.05 ton per square foot. Water was then allowed to enter the test-
ing apparatus, and after a considerable interval of time the load was 
again increased to 8.2 tons per square foot and then reduced to 0.05 
ton per square foot. 
Similar tests were performed on samples of the same soil in dust 
phase, at optimum moisture content but loose, and on a sample wetted 
to about the liquid limit. The results, in terms of thickness of soil 
layer per unit thickness of solids in the layer, are shown in Fig. 9. 
The small change in the thickness of the layer of the densified sample 
as compared with that of the thicknesses of samples of the same soil in 
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F:IG. 10. APPARATUS FOR COMPACTING SOIL SAMPLES UTILIZING 
THE SHEEPSFOOT PRINCIPLE 
the dust, wet, and loo e state illu trates the effect of the stabilization 
process. 
Figure 10 shows an apparatus based on the principle of the sheeps-
foot roller, devised for bringing an entire sample, including the coarse 
fraction, to variou degrees of con olidation before being tested for 
permeability, capillarity, stability, and shrinkage. 
Surface T reatments Required on Densified Soils 
The maintenance of high density require that loss of moisture 
from the densified soil by evaporation be prevented. This, and ~lso the 
necessity of protecting the densified soil from the abrasive action of 
traffic, requires the use of bituminous surface treatments. 
The beneficial effect of such treatment is excellently illustrated by 
the performance of the blotter-type tar and asphalt surface treat-
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ment on the heavy gumbo soil roads of western Minnesota and 
eastern North Dakota.* 
The view in Fig. 11 shows the condition in the spring of a road 
we t of Ada, Minnesota, prior to the first treatment in 1924. Gravel 
*"Blotter Treatment of Gravel Roads in the State of Minnesota," F. C. Lang, Eighth 
Annual Asphalt Paving Conference, 1929. 
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used for surfacing was found to have penetrated to depths as great as 
three feet. The view in Fig. 12 is a picture taken in the spring of the 
year, and shows the condition of a similar road after receiving a sur-
face treatment of bituminous material with gravel covering. On in-
spection in 1932 the total thickness of the surface treat~ent was found 
to be slightly less than one inch. 
Substantial progress has been made in the design of soil mixtures, 
the use of bituminous surface treatments, and stabilization of the 
moisture content by means of treatment with deliquescent substances. 
The method of stabilization by densification at optimum moisture· 
content has been utilized principally in connection with the con-
struction of embankments for use as earth dams, although it is equally 
applicable for use in any kind of fill, subgrade, or soil base course 
construction. 
Suitable tests are now available for determining the optimum 
moisture content and the maximum density obtainable \vith a selected 
method of compaction, the effect of admixtures and methods of com-
paction for increasing or decreasing the maximum obtainable density, 
the resulting consistency of the mixture in both confined and uncon-
fined state, and the presence of detrimental elasticity which would 
cause the densified material to expand and soften in the presence of 
water. 
Field experimentation in the use of chemical admixtures which do 
more than stabilize the moisture content include the use of portland 
cement, bituminous materials, and the combination treatment Of 
sodium silicate and calcium chloride to produce the calcium silicate 
precipitate. 
Several sections of cement-stabilized soil road with bituminous sur-
face treatment were constructed by the South Carolina State High-
way Department during 1934 (see Fig. 13). Included in the examples 
in which bitumin?us emulsion was mixed with the soil is the runway at 
Clover Field Airport, California, Fig. 14. The use of the silicate-
chloride method of treatment .has been confined primarily to the 
stabilization of soil carrying the foundations of piers or buildings and 
the like. 
The stability furnished by compaction of soils at optimum moisture 
content suggests that vastly greater benefits may be expected when the 
interfacial colloidal films are stabilized by proper use of bitumen, 
portland cement, and the sodium, potassium and calcium ions. 
New developments can be expected as progress is made in this vast 
and but little explored field. The materials being investigated are low 
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in cost and widely different in character. They are subjected to vary-
ing weather conditions and traffic loads. The results obtained should 
be evaluated on the basis of the benefit rendered by the stabilizing 
procedure in comparison with its cost. 
More than 2 000 000 miles· of road, or about 80 per cent of the 
total rural road mileage, is . unimproved earth road. On much of this 
mileage surfacing is not economically justifiable, but there is a con-
siderable mileage which should be surfaced and the extent to which 
this can be done will depend on the cost. 
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(b) REPORT OF THE ILLINOIS DIVISION OF HIGHWAYS 
v. L. GLOVER* 
I feel sure that we have all profited by Mr. Hogentogler's paper, 
even though it has been possible for him to present 'within the time 
allotted to him only a few of the most important principles relating to 
soil stabiliz;ition. In Illinois soil studies were first started during 1920 
in connection with the Bates Experimental Road, and have been con-
tinued in varying intensity since that. time; At present this work is 
confined largely to the construction of gravel or crushed stone surface 
courses, although we expect to extend its scope during the coming year. 
In discussing this subject it might be of value to elaborate some-
what upon some of the terms commonly used in connection with soil 
work, and which were used by Mr. Hogentogler in his paper. 
Soil Stability. The word "stable," as defined by Webster, means 
"firmly established; not easily moved, shaken, or overthrown; fixed; 
so placed as to resist forces tending to cause motion." 
In the study of soils, stability is defined as resistance to lateral 
flow under load; actually it is a relative term. Sand or sandy gravels 
are unstable when dry, but are relatively stable when they contain a 
comparatively small amount of moisture; clay and silty soils are un-
stable when wet, but are relatively stable when dry. 
Stability depends upon shear strength, which in turn depends upon 
the combined effect of two mechanical properties of soils, namely, 
internal friction and cohesion, which will be defined later. For a 
given weight stability also depends upon the size of 'the loaded area. 
The manner in which stability is influenced by such factors as the size 
and shape of the loaded area varies widely, depending upon whether 
stability is furnished primarily by internal friction or by cohesion. 
Earth structures fail mainly because the soil lacks stability or the 
proper resistance to lateral flow. If a fill fails due to sliding, the force 
productive of the sliding has exceeded the shear resistance of the 
soil. 
Internal Friction is defined as the resistance of soil grains to sliding 
over each other. In the case of stabilized road surfaces, internal fric-
tion is furnished by the coarse gravel and coarse sand, provided an 
excess of moisture is n~t pre~ent in the binder material. 
Cohesion is defined as the resistance of the soil grains to separation 
or pulling apart. In top-soil, sand-clay, and similar tight-textured 
soils, it.is furnished by colloidal clays and moisture films. 
*Engineer of Materials, Illinois Division of Highways. 
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Capillarity is defined as the ability of a soil to transmit moisture in 
all directions, regardless of gravity and other forces. Capillary be-
havior is directly related to particle size and grading, the factors 
which control the size of the pore spaces. As Mr. Hogentogler has 
pointed out in his paper, small amounts of water serve as an effective 
. binding agent for soil grains, while an excess quantity acts as a lubri-
cant. Due to the fact that road surfaces are alternately subjected to 
rain and to the heat of the sun, the most stable soil mixtures are those 
most resistant to changes in moisture content under varying weather 
conditions. Specifically, they must retain some moisture in dry 
weather, and not absorb too much moisture during periods of rainy · 
weather. 
Mr. Hathaway has described* the gravel road construction com-
pleted during. 1934, and this work may be taken as a practical applica-
tion of the principles which Mr. Hogentogler has described. This work 
was of two types. A considerable number of existing traffic-bound sur-
faces were treated with .sand and binder materials to compact them 
and provide a safer, smoother, and more stable surface, and with the 
expectation also that maintenance costs would be reduced. A number 
of new sections were constructed, utilizing road metals and binder 
materials available locally. In order to obtain additional information 
as to the void content and the density of the mat, some of the older 
gravel roads which had given exceptional service with a minimum of 
maintenance were analyzed, as well as some of the newly-constructed 
roads in which clay was ·used as the binder material. 
Soil tests, construction methods, and materials used in this work 
have also been given considerable study. Particular attention has been 
given to establishing the gradation of surfacing and binder material to 
correspond with the gradation found on previously-constructed gravel 
roads which have given the most satisfactory and economical service. 
An attempt has been made to set a gradation which will permit the 
use of local pit run materials, give maximum density, and at the same 
time provide a balanced combination of the•properties of internal fric-
tion and cohesion; in other words, a combination which will impart 
properties to the surfacing materials that will enable them to resist 
lateral flow when loaded, under all weather and climatic conditions. 
Both satisfactory and unsatisfactory reports have been received 
in connection with the sections constructed to date, but in the majority 
of cases the unsatisfactory conditions can be accounted for by the 
unusual weather conditions which have prevailed this winter, by the 
*See next chapter. 
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fact that construction conditions made it impossible on a number 
of reconstructed sections to design the mixtures in accordance with the 
best practice, and that some of the, 'vork was constructed so late in 
the season that the surfaces did not obtain the required compaction in 
time to prevent the entrance and subsequent evaporation of excessive 
amounts of capillary and surface water before the low temperature . 
periods arrived. It is indicated also that too much binder material was 
added in some cases: in other cases, the binder materials contained 
too much organic material. During the present winter, due to the 
effect of weather conditions which have not been present during the 
past three or four years, considerable heaving has occurred at cracks 
and joints in concrete pavements. In some sections of the State, ex-
tensive heaving has taken place at locations where so-called "frost 
boils" are prevalent. A study has. been undertaken to determine the 
cause of this heaving, and this study involves a knowledge of the 
behavior of soils and methods of determining their properties and 
characteristics. It is our belief that the heaving at cracks and joints 
has taken place because of the entrance of surface water into the 
subgrade through the cracks, or through the expansion joint openings, 
with a resultant expansion due to the action of ice and frost during 
subsequent periods of cold weather. It is a known fact that different 
types of soils react differently to excessive moisture contents and 
thereby affect the amount of heaving. The studies now under way 
have necessitated the taking of a large number of soil samples adjacent 
to the edge of the pavement at joints and cracks, along the unbroken 
portions, and under the slab through core holes drilled in the pave-
ment. These studies include classification of the soil, its reaction 
to moisture content, and the· variation in moisture content at different 
locations, etc. We expect to be able to determine the cause of this 
heaving and we hope that the manner in which it may be avoided will 
be indicated. . 
In highway work generally, the study of soils has passed from 
the experimental to the practical state. Soils engineers accompany re-
connaissance engineers to obtain data which will not only assist ma-
terially in the selection of new routes, but also result in considerable 
savings of time and money. They survey, in areas, the nature of the 
materials encountered as they affect the cost of construction. All rock 
is rock, but some types may cost five times as much to excavate as 
certain other types. If these types are shown on the plans, the con-
tractor may bid accordingly. Embankment and bridge sites are 
studied, as well as proposed borrow pits. The soil profiles also supply 
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considerable valuable data to the design engineer after the final selec-
tion of the route is made. The California highway department has 
been carrying on this type of work since 1922 with very profitable 
results. 
Subgrade soil stuqies arc also becoming an important part of high-
way work, because it has been shown 
(a) that the subgrade is a large factor in supporting wheel 
loads, the pavement merely distributing the load over larger areas; 
(b) that the manner in which the subgrade supports the wheel 
load depends upon the reaction of the subgrade to both load and 
climatic changes; 
(c) that these reactions depend upon the five basic physical 
characteristics of soils, namely, cohesion, internal friction, com-
pressibility, elasticity, and capillarity; 
( d) that these physical characteristics control such important 
performances of subgradcs as shrinkage, expansion, frost heave, 
the settlement of fills, sliding in cuts and lateral flow of soft sub-
soils; 
( e) that these physical characteristics arc furnished by soil 
constituents easily identified in the laboratory; 
(f) that subgrades may be arranged in definite groups accord-
ing to the characteristics of the soil constituents. 
Highway soils organizations also make recommendations concern-
ing the removal or treatment of unsatisfactory materials, it having 
been shown that the physical characteristics of soils can be changed 
by physical or chemical admixtures. Studies are also made of the 
moisture conditions in subgradcs, having in view the improvement of 
drainage systems, especially in cuts and low areas. This field alone 
affords many opportunities to improve the highways and to reduce 
maintenance costs. Other problems of soils organizations are the 
study of foundation soils for bridges, retaining walls, culverts, fills, 
etc.; studies of the relative merits of different kinds of materials 
found or proposed for use in secondary road construction; and the 
proportioning and density studies of various type surfaces. 
That the value of this type of work i.s recognized by the various 
State highway departments is indicated by the fact that during 1932 
thirteen States had soils organizations, and this number has now 
grown to thirty, some of them quite extensive in scope. 
The New Hampshire highway department has found that their 
subgrade studies are . of considerable help in connection with the 
remedy a·nd prevention of frost heaves. 
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The State of Texas organized a soil department when it was 
demonstrated that the warping of concrete pavements, which de-
veloped to a serious extent in that State, was confined to roads con-
structed on soils which would be readily distinguished by subgrade 
soil c"lassification. 
The State of Missouri formed a soils organization because of an 
unfortunate and highly expensive fill failure, which could have been 
prevented by the use of subgrade information then available. 
The State of Minnesota followed next in an effort to solve the 
problem of loss of stability in gravel roads due to thaws during the 
spring break-up. 
As stated before, Illinois has not attempted this class of work to 
any large extent, and probably will not enter into it on a large scale 
at present, but we hope gradually to increase our activities if the 
knowledge gained from soil studies and construction problems indi-
cates the advisability of extending the scope of the work. We now 
have the major part of the equipment necessary to carry on the tests. 
; . 
VI. STABILIZED GRAVEL ROADS 
(a) THEORY AND PRACTICE 
c. M. HATHAWAY* 
The stabilizati.on "bug" had its inception in New York State and 
Michigan about two years ago but the epidemic spread rapidly into 
other states and became quite acute in Illinois during the past season. 
Its primary characteristic is markedly clay-calcium and-its predomi-
nant occurrence was N.R.S. in the rural sections of the State. Its 
advent was closely followed by a hoard of literature and sponsors, 
both replete with such technical terms as plasticity index, soil mortar, 
stabilization charts, and similar terms heretofore unknown to the 
average road builder. Although there seems at present no real means 
of accomplishing the entire extermination of this "bug," yet we be-
lieve that we have its occurrence definitely under control at the 
present time. 
Seriously speaking, we have seen during the past nine months the 
advent, the promotion, and the development of a new type of gravel 
or crushed stone road, which may mean much or little in our future 
road program. We may not at all approve of the highly technical 
character of the construction as at first presented in this State, but 
we must admit that it is based on some good engineering principles, 
and those who are responsible for its existence should be given due 
credit for a rather thorough study of the principles of road building 
from the standpoint of soil conditions and a logical scientific blending 
of aggregates, bearing in mind, too, that calcium chloride has proved 
its value in certain sections of the country as a dust preventive. Per-
haps my facetious introductory remarks should be qualified by a real 
respect for the creditable work that has been done to date. 
Experience last year has shown that the so-called technical speci-
fications can be readily broken down into a common sense method of 
design and construction of the old-fashioned gravel or stone road, 
which introduces simply a more careful gradation of aggregates plus 
enough clay to give bonding qualities. This entire mixture is supple-
mented by more care in spreading and compacting, the result being a 
finished road of the required thickness ready to handle the traffic on 
completion. 
*Engineer of Construction, Illinois Division of Highways. 
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From our present knowledge of the stabilized or clay-bound road, 
I am of the opinion that it is based on sound and accurate theories 
of proportioning, that it gives due consideration to subsoil stability 
(which heretofore has been an unopened book in Illinois), that it 
affords an exceptional chance to develop our local gravel and stone 
deposits for a secondary road of low cost, that it seems adequately 
adapted for and the most logical type to be used as a base course 
for stage construction, which may contemplate a bituminous surface 
at some future time. It presents also a new idea in maintenance by 
means of calcium chloride, which may or may not prove economical, 
and have practical valu~ as a dust preventive. 
On the other hand we have something to develop in the way of a 
best construction practice and a design of mix to meet local conditions. · 
We must get the cost within that dictated by economic principles for 
a road of thfa character by the elimination of non-essentials and frills 
in the present specifications, and we must realize that, when we get 
through, we can only have a secondary type of road capable of limited 
traffic, or a good base course for a dustless surfac.e. 
From this viewpoint I shall discuss the subject. First, the more 
important technical points governing the theory and design of the 
mix and the construction features, then some of the practical applica-
tions of this particular type of road. 
Throughout the entire discussion it must be borne in mind, how-
ever, that we are dealing with a new development which needs 
further study. In discussion recently with representatives of other 
state highway departments, I find that they, too, have found that 
some of their roads built in accordance with the original specifications 
are not proving out as originally anticipated. This all goes to show 
that the mistakes which we have made need not be considered as 
signs of failure; likewise I am satisfied that we may make more mis-
takes before we get the answer. At this time our present specifica-
tions are in the process of revision, and it is our idea to produce a 
new specification, very liberal in its interpretation, which will give due 
consideration to the use of local materials and more practical and 
less costly construction methods. 
Naturally, a good gravel road is one which will carry traffic 
throughout the year in all kinds of weather without becoming either 
slippery or rutted in wet weather or raveling in dry periods. The so-
called stabilized road or clay-bound type of road construction is a 
development based on these principles, and its design theory involves 
a proper combination of ·clay, sand, ::md coarse aggregate. I will now 
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refer to Chart No. 1, which shows a "band of aggregates" meeting 
this theoretical design. This gradation of material seems to be gener-
ally accepted as the basic one to use in this type of construction, and 
it had its origin from many investigations made in New York State, 
where I understand the engineers picked out a great many of the 
most desirable types of gravel roads and made an analysis of their 
composition. From this analysis the gradation band which you see on 
Chart No. 1 is developed. I may as well state here that an analysis of 
many samples of our own local materials discloses the fact that they 
come within this band. 
The next point is to develop the theory of this combination of 
clay, sand, and gravel. Our own experience through a number of 
years has shown that the finer gradations of gravel are more satisfac-
factory for gravel surfacing, and, whereas our specifications still con-
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tain the No. 2, 3, and 4 grades, it is generally conceded that grades 
3 and 4 prove most satisfactory. Grade No. 3 has 95-100 per cent 
passing the %-in. sieve. Compare this with the chart and you will 
note that it is closely in line with respect to the coarse gradation. Our 
No. 4 gradation has 95-100 per cent passing the 'lfi-in. sieve, and 70-90 
per cent passing the %-in. sieve. Again you will note the similarity. 
Sand is an essential element of a clay-bound road, and the theo-
retical mix is one in which there is just enough of the sand (or soil 
mortar) to fill the voids in the coarse material with a slight excess. 
The theory is to secure density. The introduction of this amount of 
sand should not be viewed with alarm; in fact, many of our special 
provisions written to include local material show a gradation and 
limit of sand very close to the chart. I must, however, sound a note 
of warning that care should be.taken when selecting a mix to ·guard 
against an excess percentage of really fine sand combined with a low 
percentage of coarse aggregate. From our 1934 experience, I have 
seen a few mixes which do not appear to be holding up so well under 
traffic. It may be that this is partly caused by late construction ac-
companied by heavy rains last fall and lack of complete compaction. 
Improper gradation and excess of fines should be given careful study. 
It is generally believ_ed the "upper limits" may well be avoided, and 
for a specific mix it is certain that a uniform curve is most effective. 
Laboratory investigations and the opinion of our own engineers favor 
a band as shown by upper and lower heavy lines on the chart. I find 
also a recent recommendation by the Calcium Chloride Association 
for a decided lowering of the original "upper limit lines" on the chart. 
The introduction of clay into the mass is in one sense a new idea, 
yet you county engineers will recall the days when it was considered 
good form to add .a certain amount of clay to our gravel and stone 
roads; in fact, I find that a number of counties are already doing this 
with their local materials and getting a very satisfactory type of con-
struction. There is a very definite theory governing the use of clay. 
Stability in any wearing surface may be defined as resistance to 
lateral flow under load. It depends upon shear strength, which in 
turn depends on the combined effect of internal friction and cohesion. 
These are the qualities required for a good gravel road, and it is ap-
parent that there will be varying degrees of stability depending upon 
the inherent characteristics, and likewise upon climatic conditions. 
Sand, when dry, is unstable, but, when a small amount of water is 
added, it attains a high degree of stability. 
Clay, on the other hand, when dry, will carry an almost unlimited 
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load, but entirely loses its carrying capacity or stability when wet. 
The problem is to combine them in the correct proportions to eliminate 
the undesirable characteristics, and to utilize the desirable ones to 
produce the best all-year stability. 
Certain basic soil properties must be given consideration in the 
design of any mix: (1) internal friction, (2) capillarity, (3) cohesion, 
and .(4) compressibility. 
Internal friction is the resistance of the grains to sliding over each 
other. It is affected by the shape of the particles, gradation, size, con-
solidation, and load. Internal friction is the only basic soil property 
that sand and gravel possess when dry. 
Capillarity is the ability of the soil to transmit moisture in a 
finely divided state. Silt has the greatest capillary flow and when 
present it will tend to absorb water rapidly, thus causing loss of 
stability. Gravel and coarse sand have capillarity to a very low de-
gree. Clay has capillarity, but, due to its denseness, the rate of flow· 
of water is very slow although its rise is high. 
Cohesion is the stickiness of soil grains, or their resistance to being 
pulled apart. Clay alone possesses true cohesion. 
Compressibility is the ability of the soil to be compacted without 
lateral movement, but with loss of water or air from its pores. Clay 
and silts are compressible. They expand when water is absorbed and 
shrink when it is given off. 
Of these basic points, internal friction, cohesion, and retarded 
capillarity are essential for stability. Also it is essential that the soil 
mortar-that is, the combination of clay and sand-shall not expand 
excessively. when wetted; otherwise the internal friction will be de-
stroyed. From this analysis, therefore, we may now build up the 
function of the clay. Internal friction is a function of the sand and 
gravel grains but cohesion is not. Clay lends the necessary cohesion. 
Capillarity is harmful to the mass in that it tends to break up co-
hesion .and reduce internal friction. Therefore, clay with a low rate 
of water flow tends to reduce the amount of capillary water entering 
the mixture. On the other hand, clay is an expanding material, and the 
amount must be· strictly limited in order to prevent undue· expansion 
and breaking up when wet; 
I see no radical element in the introduction of clay; for years we 
have recognized its value. Our specifications of ten years ago required 
it, and many states have ·always recognized its value. Undoubtedly 
its existence in the· subgrade and on the. roadside has a direct in-
fluence in the final compaction of our traffic-bound roads. 
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If you have followed through this rather dry discussion, it is ex-
pected that you are now convinced of the value of clay in the mixture; 
but if you are not satisfied, you can get complete details in some of 
the handbooks ori this subject. 
Let me emphasize: you must not lose sight of the fact that it is 
· very objectionable to have too much clay, even more so than not to 
have enough clay. A sloppy, slippery ·surface is objectionable and 
dangerous in wet weather, and has a tendency to pothole out under 
traffic. 
The specifications for stabilization require roughly from 10 to 20 
per cent of clay, which may be correct in theory, to fill the voids in 
the sand (producing the soil mortar). Our own experience, and that 
of a number of other states, is that this clay limit is too high, and ·we 
are almost certain that the amount of clay must be reduced to from 
8 to 15 per cent, with emphasis on the low limit. 
At present the ainount of clay required in the mix is not deter-
mined by a volumetric method, but rather on. the basis of what is 
called a plasticity index. The clay and fine sand are combined in such 
proportions that the mixture (called soil fines) has a plasticity index 
of from 6 to 14. This quite technical term is simply a method of meas-
uring the stickiness of clay or of a clay and sand mixture. The plas-
ticity index may be defined as the percentage of water added to a clay, 
which contains only sufficient moisture to exhibit plastic properties, in 
order that it will exhibit liquid properties. (Or stated differently, it 
is the percentage ·of water present in a clay changing from the liquid 
to the plastic state less the percentage of "\Yater present in the clay 
when changing from the plastic to the solid state.) Ordinar.y clay may 
have a plasticity index of from 20 to 40, and gumbo will range about 
40. Since we are using this clay in the soil mortar, the plasticity when 
mixed with sand is the criterion to be used, and this mixture reduces 
the plasticity index appreciably. Since in theory a plasticity index 
of from 6 to 14 per cent is most desirable, it is readily apparent that 
a sticky clay will go a lot further in producing cohesion than one lack-
ing this property; hence its desirability. In my opinion, the plasticity 
index of the clay is highly important, but at the same time I advise 
care in increasing the percentage of clay to secure the higher degree 
of stickiness, and, for reasons of economy and practical construction, 
I caution against an unreasonable expense to get a clay with a some-
what higher plasticity index when a focal material may serve the 
purpose nearly as well. (Perhaps it is poor economy to increase the 
cost of a· product 50 per cent when you increase the efficiency only 
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10 per cent.) However, do not get the idea that I am not in accord 
with the general theory, but I have cited the occasional instance as a 
: .., guide where economy is so important. 
This completes the design of the mix: Clay from 8 to 15 per cent 
and a combination of sand and clay (soil mortar) which should be 
just a little more than enough to fill the voids in the gravel (ordinarily 
about 40 percent). If any of you are contemplating construction of 
this type of road, a few hours spent in the Springfield laboratory or 
with the District Testing Engineer will enlighten you as to the methods 
of testing and gradation, and as for the equipment required, it is 
nominal. I strongly recommend against anyone attempting to do this 
proportioning by rule of thumb, because in my opinion one of the real 
merits of stabilized or clay-bound gravel is a studied gradation and a 
blending of the material; in other words, if you please, we may com-
pare the difference between the product obtained by these two methods 
to the difference between the old pit-run concrete aggregate ·and the 
aggregate carefully weight-proportioned by the mortar void theory in 
use at the present time. After all, the resulting product is perhaps 
nothing more or less than what is ultimately obtained when we build 
a traffic-bound road. The general practice in that case is to distribute 
the gravel on the roadside, and then build up the. surface through a 
period of time by continual maintenance and traffic. Each layer of 
material must get a certain amount of moisture and soil intermixed 
from the subgrade with an appreciable amount dragged on from the 
roadside, which fills the interstices in the aggregate. 
·An investigation of a number of traffic-bound roads in Illinois in-
dicates that we have a gradation of aggregate and a clay content very 
close to that shown in Chart No. 1. One of our district engineers 
recently pointed out that there ·were gravel roads in a certain county 
which were just as good as stabilized roads, and which could be built 
in a much shorter period of· time than required by the usual traffic-
bound type. An analysis showed that the gravel mix came exactly 
within the stabilization band. 
The theory of construction is a thorough mix on the road if a 
perfect mixture cannot be obtained at the. plant; spreading in thin 
layers to permit proper compaction; application of water to obtain 
proper moisture cohesion and aid compaction; kneading or compact-
ing of each layer to completely interlock the essential ingredients and 
· • reduce the voids to a minimum (thus bringing in the three soil proper-
ties-internal friction, cohesion, and compressibility); and, finally, ap-
, plication of the chloride to create a moisture-attracting agency. 
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If it is possible to get a natural mixture, including the clay, the 
material may be dumped directly on the grade in piles correctly 
spaced to secure proper thickness, but, if an artificial mix is necessary, 
the mixing is generally done on the grade. Each material is hauled out 
independently, spread on the grade and then windrowed to the road-
side, the usual practice being to place the gravel and sand on one 
side, the clay on the other (although the clay may be brought later 
and spread direct for pulverizing). Sand and gravel are first mixed 
together by blading back and forth across the grade, using a disk or 
harrow to eliminate segregation, and windrowed back to the roadside. 
The clay is spread on the grade and broken up to the required size by 
harrows, disks, or rollers, and then windrowed back to the roadside 
(this assumes that the clay may be obtained only in large chunks or 
rolls; if it can be obtained with the proper fineness, this operation is 
eliminated). Another good method is to bring out an inch or two of 
gravel and spread the clay on it. This will prevent the subgrade ma-
terial from getting mixed with the clay during pulverizing. The sand-
gravel mixture and the clay are then pulled back onto the grade and 
the entire mass is disked or harrowed until thoroughly mixed, with no 
segregation. The finished mix is again windrowed back on the shoulder, 
and all is ready for spreading and compacting. This sounds like a 
long tedious process, but in reality the operation goes on quite rapidly. 
Layers of approximately 2 inches seem to give best results, which 
is an axiom for the compaction of any material, earth, gravel, or stone. 
A minimum thickness permits complete and thorough interlocking 
of the particles, which may not be obtained with thicker layers be-
cause the effect of the roller will not be transmitted through the entire 
mass, thus causing voids at the bottom. 
The theory of wetting has been stated-because of the necessity 
for moisture cohesion, and to aid compaction. The present specifi-
cations require a roller, but I understand that in some states the ma-
terial is compacted under traffic. A roller has been developed recently 
on the same principle as the dual type truck wheel; that is, six or 
eight automobile wheels with pneumatic tires strung on an axle 
which supports a body, this machine propelled by truck or tractor. It, 
produces the effect of a series of automobile tires, which I believe 
secures better compaction than the ordinary roller, because the very 
nature of a tire causes a better interlocking of the materials, I hope 
that this type of roller will be developed, because I see possibilities 
for it on retread construction. 
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On a road so constructed the first few rains showed marked signs 
of rutting in the new surface, which required dragging and re~rolling. 
This indicates that the correct method of compaction is a continued 
sprinkling, dragging, and rolling under traffic for a period of several 
days until a complete interlock is obtained; then the same procedure 
for the additional layers. 
Thirty-day maintenance should be provided for, because experi-
ence has shown that some soft spots will develop. Continual dragging 
and rolling, with some water if too dry, will eliminate them, and, if 
no roller is available, dragging and traffic will accomplish the same 
result. 
The calcium should be applied after the final compaction of the 
last layer. There is no objection to adding it before the maintenance 
period starts; in fact, it would be better to do so in dry periods. One 
state has incorporated a salt solution with each layer and claims 
satisfactory results. 
There are also a few general principles of good construction prac-
tice to be observed. The road bed should have alignment, grade, and 
width according to the standards established by the state or county 
for roads of this type. Good ditch drainage should be provided, and all 
low or flat places should be built up. This is an important factor in 
the success of a gravel road, because the presence of water on the 
subgrade is very undesirable. 
The trench method of construction may be used, but it is not in 
good repute at this time. Preferably the feather-edge method seems 
desirable. The crown of the grade should be % inch per foot. A 
careful study of the subgrade should be made to see that there are no 
soft sandy silty areas and if there are, they should be corrected. The 
ideal construction for a stabilized road would be to have the heavy 
grading and fills made one year in advance, and used by traffic during 
that period before placing the surface. This gives an opportunity for 
the solidification of the grade, and for the discovery and elimination 
of any soft spots. 
A few notes on equipment: There are machines on the market for· 
breaking up clay, but in general a harrow, disk, or roller can do a 
satisfactory job. An ordinary sprinkling wagon is satisfactory, but a 
pipe line and hand hose may be used if care is taken by the operator 
of the hose to control the amount of water. I have already discussed 
the proper type of roller. The calcium may be applied by an ordinary 
farm lime spreader. 
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There is no unusual equipment required during the maintenance 
period. An ordinary motor-driven blade or a blade drawn by a 
tractor will suffice, with the addition of a roller, although, if there is 
sufficient traffic, the roller may be eliminated. A drag has been used 
instead of a blade; it seems to tear the surface less. 
It appears from conversation with contractors that the idea of 
special equipment has been overstressed, and this has resulted in an 
uncertainty which is reflected in the bid. ' 
Now that the theory of construction has been given, a few words 
should be said about maintenance. This is yet somewhat of an un-
solved problem, not only in Illinois but in other states. One thing is 
certain; the stabilized road must have an "A" crown, and not less . 
than Y:! irich per foot. This is necessary to shed water, which on 
flatter crowns will tend to lie in depressions and cause potholes. 
The sponsors claim that maintenance is necessary only three or 
four times a year if calcium is used on the surface, but we cannot sub-
scribe to this opinion as yet. The proper equipment for maintenance is 
a motor grader or truck blade. Tractors, due to their low speed, are 
not efficient. The proper time to blade is after a rain, not during a 
rain, or too late afterwards. The objection to blading during the rain 
is that, the small depressions have water standing in them, and when 
they are filled the material is too soft to stay in place, and will be 
slushed out by traffic, leaving the hole as bad as it was in the first 
place. The objection to blading too late after a rain is that the ma-
terial is so dry that it will not pack in the small potholes, but is 
kicked out by the traffic. Large potholes may have to be patched 
by hand. The most desirable method is to roughen the edge of the 
hole, and pack it with material of the same gradation as the original 
construction. Five to six per cent of chloride in the mixture is de-
sirable in order that it may retain its dampness. Twenty to fifty 
yards of material per mile should be stock-piled to take care of main-
tenance. Calcium, when used, should be applied three times yearly, 
about one-half pound per square yard each treatment ($200 per year 
per mile, plus cost of application.) 
Cost data on this type of construction is hardly in order at this 
time, except to give some figures as to the cost of gravel surface of a 
certain depth and width built by the stabilization method in terms 
of the ordinary traffic-bound construction. 
On Chart No. 2 is shown a typical example of a road 18 feet in 
width, 4 inches compacted thickness. First, it must be borne in mind 
that due to the density in the stabilized mix there need be no compac-
.. 
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CHART No. 2. TYPICAL ExAMPLE OF RoAn 
tion allowance. On the other hand, with a traffic-bound road it is 
customary to allow 20 per cent for compaction, and in this comparison 
it is logical to add ten per cent for wastage on subgrade, shoulders and 
ditches (refer to Chart 2). The volume for one mile is 1170 cubic 
yards compact measurement-therefore, 1_ 170 cubic yards of mixed 
material. The actual ingredients will be (the figures shown may be 
accepted as standard, determined from our own experience, and 
checked by other states) 900 cubic yards of coarse aggregate, 610 
cubic yards of sand, and 290 cubic yards of clay, a proportion of 
approximately 1-2-3 by volume. 
The prices of this material are arbitrary, dependent on the source 
of material and class of aggregates. It is presumed, however, that 
comm1frcial · sand is generally cheaper than commercial gravel. The 
estimate for clay is reasonably high to allow for hand loading from 
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a local borrow pit. The ,resulting cost for materials is $3401.50 per 
mile, ·or'; approximately, 32.T cents per square yard . 
. For the traffic~bound road, it will require 1595 cubic yards to 
secure a compacted thickness, and assuming that a gravel from the 
same source is used, the total cost will be $3588.75 per mile, or ap-
proximately 34.0 cents per square yard. In either case it may be as-
sumed that the cost of spreading the materials on the roadway and 
windrowing it to the side is included. The difference in cost is 1.9 
cents per square yard in favor of stabilization. 
The cost of placing and compacting the stabilized job may be esti-
mated at 6.0 cents per square yard (as based on some of our own ex-
perience), and the cost of the calcium chloride, if required, is 1.2 
cents per square yard. 
There is a net difference of approximately 5.3 cents per square 
yard between the two types, or 4.1 cents if calcium chloride is omitted. 
A figure, therefore, of between 4 and 8 cents may be taken as a reason-
able estimate of the additional cost of the stabilized type; that is, 
$400 to $800 per mile. 
For the benefit of these figures, bear in mind that the extreme 
case has been taken: ·namely, shipped-in material, where all three in-
gredients have to be mixed separately. It is logical to assume that in 
a majority of the cases (and this has been proven by our own ex-
perience last summer) the fine aggregates can be obtained locally, 
which would unquestionably reduce the cost of the sand 50 per cent, 
with a consequent reduction of 5Y:! cents per square yard. If local 
coarse aggregate or a "perfect mix" is available, there would be a 
marked reduction in the price of the materials, as well as some saving 
in the mixing and spreading. 
It is not intended to make a series of comparisons but the attempt 
has been made to show merely what the stabilized method costs in 
terms of the type of gravel or crushed stone construction, which is 
already familiar. 
There is one factor which is of vital importance in the construc-
tion of any gravel or stone road, and which merits most serious con-
sideration: namely, the use of local materials. As stated previously, 
an analysis of a great number of samples of local materials taken 
around the State indicated that practically all of them came within the 
band as shown on Chart 1. Therefore it is reasonable to presume that 
wherever local materials are available, they are suitable for stabili-
zation, except, possibly, for the addition of the clay. In 24 instances 
;; 
CONFERENCE ON HIGHWAY EKGINEERING-1935 67 
last year where existing N.R.A. gravel sections were stabilized, it was 
found that in 20 of these local sand was available, and clay in all. 
From the cost figures just presented it is evident that, in either 
case, materials make up over 75. percent of the cost. 
Many of our county superintendents have already developed 
reasonably good gra:vel or stone deposits which can be utilized in the 
future. In my opinion a further complete and extensive study on the 
part of our engineers and county superintendents will develop sources 
of material now unknown or not economically developed. If you 
have a local aggregate, see if it comes within the band. If it does not, 
analyze it and see how close it does come; there may be very little 
difference. If your local clay available at low cost does not have the 
proper plasticity. index, see how close it does come. I am satisfied that 
in many cases a slight revision of the specifications will permit the 
use of an alternate which will result in an appreciable reduction in 
the cost of your road. What is necessary in order to carry on a 
secondary road program is a satisfactory type of road at the lowest 
cost, let us say, a road costing not over $5000.00 per mile for an 18-
foot standard width, six-inch thickness; to accomplish this, it is im-
perative that local deposits be developed. 
·You will note that I have not mentioned yet when and where to 
use the stabilized method, nor do I propose to do so, except in an 
indirect way, because I feel that there are too many factors yet to be 
developed before setting up a criterion. 
During the past two or three years the counties, and to some 
extent the State, have been building gravel roads, generally, as a part 
of the secondary system; and we have found out, as has been learned 
in other states, that such roads carry the traffic very satisfactorily, 
but that they will ravel, and the dust nuisance in summer is almost 
intolerable. In my opinion, we are going to be called upon to eliminate 
this dust, even in instances where the traffic may not justify the ex-
pense. ·we have already given consideration to the oil mat, retread, 
or other bituminous treatments, and to our chagrin we have learned in-
variably that the gravel roads built by the old traffic-bound feather-
edge method do not have a sufficient thickness for a .retread coat; 
invariably there is a non-uniform depth. Just why a road two or 
three inches thick, which has been holding up traffic satisfactorily, 
will break up after a 2%-inch retread has been laid on it, has been 
somewhat of a problem. This can be best explained by the fact that 
the old traffic-bound road was being constantly maintained by drag-
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ging, and if soft or wet spots developed in the spring they could be, 
and were, repaired. Immediately an oil mat or retread is placed on this 
road the surface is sealed, and any soft spots will cause a break in 
the bituminous surface. 
Other states which have soil similar to ours have learned the 
same lesson, and it is the consensus of opinion that a five- or six-inch 
base course (compacted) is absolutely essential for bituminous sur-
faces. A traffic-bound gravel or stone road of this depth will present 
construction difficulties, as has just been explained. Therefore, the 
stabilized road construction should be well adapted to roads of this 
character. 
In discussing gravel and stone roads with the Bureau of County 
Roads, I find that many counties are in need of a <;lifferent type of 
construction on the very light traffic roads, where there is no reason-
able probability that they can ever become a part of a secondary or 
a primary system, and where traffic will be limited always to 50 or 
100 vehicles a day. I doubt if the maintenance of such a road would 
ever be excessive, or if it would ever be economically necessary to 
place a retread or oil mat. On such a road it seems quite illogical 
to suggest the expenditure necessary for a six-.inch thickness, when 
past experience has demonstrated that three inches, with reasonable 
maintenance, and only nominal repairs, will serve adequately. It is 
more logical to consider a minimum thickness, with a slightly larger 
amount of patching each year. Such a type seems to have a real place 
in road system design, being of moderate cost, yet giving 365-days 
service a year. Whether or not the stabilized type is adapted to this 
class of road is problematical now, but where economic .conditions 
make it relatively as cheap as the traffic-bound type, it is my opinion 
that ultimately a type of road will be adopted which can be completed 
in a few weeks time, in preference to one requiring a maintenance 
period of a few years. Before leaving this subject, let me summarize 
certain definite conclusions: 
(1) The stabilization theory of design is based on sound principles 
of proportioning, and from a practical standpoint this type of road 
is well adapted to utilize the aggregates commonly encountered in this 
state, either commercial or local. 
(2) The method of construction is in accordance with basic and 
long-recognized theory and practice. 
(3) It· requires no costly or special construction equipment, and ~ 
its cost is nominal and in close accord with that of other types of 
stone and gravel roads. 
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( 4) It affords certain desirable qualities as a completed road. 
(5) If this type of road can be maintained economically and suc-
cessfully with calcium chloride, one of the greatest problems (the 
dust nuisance) is in a fair way to solution. 
(6) We are just on the verge of a great secondary road program 
· in which economy in materials, simplicity in construction, and low 
maintenance cost will be the factors determining the type selected. 
In this program the most must be made of local material resources. 
(7) When designing a gravel road to take reasonably heavy traffic, 
we may be pretty certain that such a road will ultimately have to 
carry a bituminous surface of some sort, probably in the very near 
future, to reduce maintenance and the dust. nuisance. Under such 
circumstances, the construction of the gravel road must be considered 
as that of a base course, and as such it must have the necessary prop-
erties of such a course, even when we are building up an old gravel 
or stone road preparatory to laying a retread surface. 
(8) I am firmly convinced that we are confronted with the neces-
sity for a new class of road in our county and township system: 
namely, one with a low-cost gravel or stone surfacing, serving the 
local community or rural. section of the state where the traffic will 
hardly run over 100 vehicles per day. For such a road I am satisfied 
that a thickness of three inches is ample. 
(9) Finally, the stabilized road should not be considered only in 
the terms of a close specification for aggregate and a rigid· construc-
tion practice. In the design of such a road there should be taken into 
consideration the local conditions and the materials which are avail-
able locally. However, in making such a statement, I wish to sound 
this last warning note. It is justifiable to save in the cost of a road 
if the results obtained are only a small percentage below standard. 
But, on the other hand, the false economy of such a procedure must 
always be borne in mind, when it is apparent that an increase of a 
nominal percentage in cost will produce a road of far greater value 
and durability. 
(b) APPLICATION TO COUNTY ROADS 
E. L. GATES* 
According to the subject, this paper must deal with gravel roads 
only, and that alone means dealing with a great variety of materials. 
When the word· "stabilized" is added, it means dealing witlf another 
set of materials, and this also involves a great variety. 
*County Superintendent of Highways, DuPage County, Illinois. 
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In the first place, I believe the time is coming when in building a 
gravel road we will start by first stabilizing the sub-soil. This may 
be done by drainage or treatment with some bituminous or other 
material. Stabilization means to make firm, and we certainly cannot 
have firm roads when they are saturated with water. A porous base 
of gravel is not likely to heave from frost action. If the sub-soil is 
kept firm so that the stone will not settle into it, it will help to make 
a stable base. 
I do not think I should discuss the drainage of our roads, but from 
my own experience, and from observation along State highways and 
some of the mud roads in the central and southern part of Illinois, 
it seems to me that all of us should pay more attention to proper 
drainage and begin below what we have been calling the foundation, 
to stabilize our roads. 
I cannot help stating, as I have befon~, that we should have wider 
rights-of-way, without ditches back from the pavement; or else tile 
the deep ditches that are dangerous. Also, the shoulders of our roads 
are like gr~at big sponges, holding water on or under the pavements. 
Let's stabilize by getting room to build. 
The stabilizing of the sub-soil with bituminous material is some-
thing new to me, but it stands to reason that if we can prevent the 
water from rising into the material used for road construction, it will 
help in keeping a firm base. 
This is a great field for engineers to explore so that they can give 
more information about stabilizing some of our natural soils. Nearly 
every road commissioner or road builder can build a satisfactory gravel 
road, but when more is known about stabilizing the sub-soil and base 
of the road, the cost can probably be reduced and at the same time 
a better road secured. 
When it comes to stabilizing the gravel itself we can use a great 
many materials from sodium or calcium chloride and road oil to 
asphalt, tar, or cement. In stabilizing with calcium it has been my 
experience, and this experience has been very limited, that you can 
secure a good smooth, dustless road at a very reasonable cost. The 
only fault I find is that the crown of the road must be kept higher than · 
is desirable, and in improving the road to a higher type the shoulders 
must be built up or the crown cut down. We have found that good 
drainage is absolutely necessary for this type of road. 
Another. problem is the breaking up of the clay and applying it 
uniformly. 1Ve have one or two pieces of road that were constructed 
;, .. 
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more by guessing at the quantities than any other way, ·and they are 
good roads. If roads can be built this way, then when we learn how 
to control and apply the quantities of clay and fine aggregate, we cer,.. 
tainly ought to be able to have better gravel roads. This of course . 
increases the cost, but, according to our figures, it does not run over 
four cents per square yard, which includes the clay, the mixing, and 
the calcium; and this cost should be materially cut when we have 
a larger mileage to work. 
The manner of stabilizing gravel roads with bituminous materials 
calls for as much experience as is required for building a concrete road, 
if not more. Here again we have a lot to learn in order to know what 
materials to use, and how, and when to apply these materials so as to 
take care of traffic at the least cost. 
I am not going to attempt to discuss all the different kinds of 
bituminous materials as it would take too long. I am, however, going 
to give a little of my own experience, and hope it will be worth some-
thing to ,someone else situated in a similar condition. 
'\Ve have our roads covered with gravel or stone of some sort, and 
although we have found this base is not satisfactory in most cases, we 
can add to it if the grades are satisfactory and have a very good base. 
There are many ways to put a surface on this base, but I have come 
to the conclusion, after trying many kinds of materials, that as far as 
the gravel is concerned I can get a good deal of stabilizing from the 
material itself. I mean by this, that I like a large aggregate that will 
stay where you put it. Although I know many will differ with me, 
I prefer the large two-inch stone or gravel for a three-inch top course. 
In the first place this stone does not move like the smaller material; 
and, secondly, 'it takes less bituminous material. If the voids of this 
type of road are filled with three-quarter-inch .material, and sealed 
with a good heavy coat of bituminous material, covered with stone 
chips or pea gravel, a smooth stable surface will be secured. 
On roads of this sort built in DuPage County, from actual records 
kept, I will give you a few costs for maintenance. On a road built 
in 1925, 11/:i miles long, 20 feet wide, carrying from 300 to 400 ve-
hicles per day, we have spent $300.00 in the past ten years. This 
should have a seal coat this year, which will cost approximately 
$1500.00, or a total cost of $1800.00 for the ten years. This means a 
cost of approximately ten cents per square yard for 16 500 square 
yards for ten years, or of one cent per square yard per year. This 
may be an exceptional case, but I believe I am safe in saying that on 
72 ILLINOIS ENGINEERING EXPERIMENT STATION 
bituminous stabilized roads, carrying from 400 to 1000 vehicles per 
day; the pavement can be maintained for about one cent per square 
yard per year, and certainly for not over two cents. 
"\Ve have built concrete roads out of gravel, and of course everyone 
knows that this is the highest type of stabilization and has its place. 
Whether we stabilize our gravel roads with oil, calcium, tar, asphalt 
or cement, let's remember that, with 72 000 miles of dirt roads still in 
the State of Illinois, we have a large job ahead of us. Most of these 
roads will only need to be stabilized to carry a small amount of 
traffic .. The University of Illinois can do no greater service to the 
State than to show us how to begin to stabilize first the sub-soil, then 
the light base, and gradually build up to concrete. 
The road officials of the State can cooperate so that some of those 
people, who pay taxes but live away from state roads, can get out of 
the mud and dust. Illinois should not only have the best system of 
state roads, but also the highest percentage of improved roads. 
.. 
VII. DEVELOPMENT OF ROADSIDE QUARRIES AND GRAVEL 
PITS IN CONNECTION WITH SECONDARY 
ROAD CONSTRUCTION 
EXPERIENCES AND PRACTICES IN ILLINOIS 
0. F. GOEKE" 
'Vhen we consider the question of secondary road construction, 
we are confronted with two rather outstanding facts. The first is the 
enormous mileage of roads that come under that designation. The road 
mileage of Illinois is approximately 97 000 miles. If we arbitrarily 
designate about 15 000 miles of these highways as of primary im-
portance, either as part of the state trunk line system or important 
county trunk lines that may justify a high-type surface, we still have 
left the staggering figure of 82 000 miles of highways of less im-
portance. Of this mileage certainly an appreciable amount may never 
justify any type of surfacing because of the extremely small amount 
of traffic involved. If we make a liberal estimate of 20 000 miles for 
that class, we still have left 62 000 miles that may justify some type 
of surfacing, ranging from the lightest surfacing practicable to keep 
light traffic out of the mud for the major portion of the time, to a 
surface of six or more inches of compacted material on the more 
heavily-traveled roads. 
The second important fact is that the cost of this secondary road 
construction must be kept down to a comparatively low figure. It is 
the necessity for keeping down costs that compels us to use available 
local material, always, of course, the best that we have at hand. 
In the northwestern part of the state we have available a large 
number of stone and gravel deposits and I will attempt to give you 
typical illustrations of what has been accomplished in various counties 
in developing roadside pits and quarries for furnishing surfacing 
material. 
A large proportion of the cost in the use of local material is repre-
sented by the transportation, set up, and operation of the producing 
plant. Portable plants that have been found to operate economically 
in the production of crushed stone and gravel for traffic-bound surface 
courses are as follows: 
In the stone quarry the material is loaded by a %-yard gasoline 
shovel into 1 ¥:!-yard dump trucks. Three. of these trucks should haul 
*District Engineer, Illinois Division of Highways. 
73 
74 ILLIKOIS ENGINEERING EXPERIMENT STATION 
enough material to keep the plant running to capacity~ The stone is 
hauled to a 30-inch primary jaw crusher, which reduces the material 
to about .a 3-inch maximum size. The stone is then conveyed to the 
screen, which removes the oversize material. This material is con-
veyed to a secondary 20-inch jaw crusher, where it is reduced to a one-
inch maximum size and then returned to the screen. The material 
which passes the screen is conveyed to a loading bin of about 30-yard 
capacity. The crushers and screening equipment are built in one com-
pact unit on a frame which is mounted on wheels. This part of the 
plant is operated by one gasoline motor of about 120 horsepower. 
Where a large a.mount of material is to be produced, it will pay to 
install in the quarry a 40-inch jaw crusher, which will crush the large 
quarry stone to about an 8-inch maximum size. The use of this crusher 
functions.to cut the costs in two ways: first, it increases the capacity 
of the plant by furnishing material which can be more readily handled 
by the primary crusher; and second, much larger stone can be crushed, 
thereby reducing the cost of quarrying it. A plant of this description, 
under normal operating conditions, will have a capacity of about 
30 cubic yards an hour. 
In the production of road gravel from local deposits, a smaller and 
less expensive plant is required. The material is moved from the pit to 
a hopper by means of a shovel and. trucks or a drag line. From the 
hopper the material is conveyed to the screen where the oversize is 
removed and conveyed to a crusher. This material is then returned 
to the screen. The material which passes the screen is conveyed to 
or dropped directly into a loading bin. 
Some of the portable plants have been equipped with hammer 
mills and roller crushers. It has been found that hammer mills have 
a tendency to produce a large percentage of fine material. Roller 
crushers have been found to work satisfactorily as secondary crushers 
in a crushed stone plant, or as the oversize crushers in gravel plants, 
where the maximum size of the gravel in the deposit is not too great. 
The capacity of a roller crusher is greater than that of a jaw crusher 
which produces material of approximately one-inch maximum size. 
These two methods of producing crushed aggregate have been used 
in surfacing several thousand miles of township and State-aid roads 
during the past few years. Six counties of northwestern Illinois have 
built well over 115 miles of motor-fuel-tax roads. Road sections of this 
type have been carefully designed and specifications have been written 
to cover the materials with· which the roads are to be surfaced. This 
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mileage has been completed by both contract and day labor con-
struction. 
In the following is given the average cost of crushed aggregate 
surfacing using local materials in some of the counties from which we 
have complete cost records. These costs are quoted for motor-fuel-
tax sections only. 
Carroll County surfaced about 14 miles of road with local gravel. 
It used an average of 1900 cubic yards of gravel per mile at a total 
cost of surfacing of $1950.00. The work was done by contract. The 
material was hauled an average of 5.9 miles, at an average cost of 
$1.03 per cubic yard, for material and hauling. 
Ogle County surfaced about twenty-five miles of road with local 
gravel. It used an average of 2200 cubic yards of gravel per mile at a 
total cost of $1825.00. The work was done by contract, the gravel 
being hauled an average of 3.1 miles, at an average cost of $0.83 per 
cubic yard, for material and hauling. 
Bureau County surfaced about 18 miles of road with local gravel. 
It used an average of 1742 cubic yards per mile at a total cost of 
$2985.00. The work was done largely by day labor. The gravel was 
hauled an average of '5.5 miles, at an average cost of $1.71 per cubic 
yard, for material and hauling. 
Jo Daviess County surfaced about 24 miles of road with crushed 
rock. It used an average of 1460 cubic yards per mile at a cost of 
$1580.00. The work was done by contract. The crushed stone was 
hauled an average of 2.6 miles, at a cost of $1.08 per cubic yard, for 
material and hauling. 
Stephenson County surfaced about 16 miles of road with crushed 
material. It used an average of 2260 cubic yards per mile at a cost 
of $2250.00. The work was done by contract. The material was 
hauled an average of 4.6 miles, at a cost of $0.995 per cubic yard, for 
material and hauling. 
Winnebago County surfacl:ld about 20 miles of road with crushed 
material. It used an average of 2750 cubic yards per mile at a total 
cost of $4230.00. The work was done by day labor and contract. The 
material was hauled an average of 3.25 miles, at a cost of $1.54 per 
cubic yard for material and hauling. 
To sum up the various costs of local materials used for surfacing, 
the tabulations show that, when costs of haul are removed to place 
the figures on a uniform basis, Carroll County has had local gravel 
produced for $0.62 per cubic yard on the road, Ogle County for $0.60 
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per cubic yard, Bureau County for $1.33 per cubic yard, Jo Daviess 
County for $0.88 per cubic yard, Stephenson County for $0.68 per 
cubic yard, and \Vinnebago County for $1.28 per cubic yard. These 
prices include the costs of materials, quarrying, crushing, screening, 
spreading, and the maintenance of the surfacing material until finally 
accepted, and they indicate that in general gravel is slightly cheaper 
than stone. In practice, however., one material is usually available 
locally; and that material will, if properly used, produce an excellent 
road. 
On the foregoing basi:;;, it has been found that the cost of local ma-
terial, when applied to the surface in such quantities as will carry the 
traffic using the road in the several counties mentioned, will be as fol-
lows: in Jo Daviess County, using crushed stone 6.4 inches thick, 
loose material, the cost per square yard is 15.6 cents; in Ogle County, 
using crushed gravel 7.5 inches thick, loose material, the cost per 
square yard is 12.5 cents; while in Winnebago County, the cost per 
square yard of crushed material 8.4 inches thick, loose material, is 
30 cents. 
The foregoing costs apply to a material meeting a definite specifi-
cation written to provide roads of certain definite traffic-carrying 
ability. The townships have built, without regard to strength, many 
roads at far less cost. 
Material for those projects built with crushed stone was used 
crusher run, fines running from 30 to 45 per cent passing No. 4 sieve, 
the .majority under 40 per cent. In no case were fines in excess of 
those required to properly compact material under traffic. In some 
gravel pits where an excess of fine material existed, it was necessary 
to waste, or use for other purposes, the excess fines. Recent tests have, 
however, convinced us that we have in the past removed more of the 
fines than was necessary, thus increasing the cost of the material. 
Some of the projects were built with as low as 20 per cent fines and 
did not compact readily under traffic. The incorporation of fines due 
to maintenance operations, and carried on by traffic, and the grinding 
and pulverizing of larger material under traffic, all help to supply the 
deficiency of fine material. However, the completion of compaction 
is often a slow and long delayed process. 
In order to study the question of the amount of fines necessary 
for proper compaction, it was decided to make tests on portions of the 
compacted materials on various roads. Of 40 tests made of that 
portion of the ·road ·.material which had been compacted, over 90 per 
cent indicated over 40 per cent fines present, with the majority giving 
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between 50 and 60 per cent. In compacting, the material would absorb 
fines to from 40 _to 65 per cent. When all the fines were thus used up, 
the remainder of the material would be loose until enough fines vvere 
made under traffic 'or otherwise added to cause additional material to 
compact. Another observation in studying these cores was that there 
seemed to be a very definite plane of separation between the top of the 
subgrade and the bottom of the surfacing material. In other words, 
not nearly as much of the subgrade had penetrated into the gravel 
surfacing, or vice versa, as has been generally supposed. This would 
apparently indicate that more fines should be added when material is 
applied, to promote compaction, instead of depending on the subgrade 
to supply a large deficiency. 
To illustrate the extent to which local material, mostly gravel run-
ning strong in fines, can be utilized for the development of secondary 
roads, I will cite one of the counties of District No. 2 which has a· 
total of 1351 miles of road. Of this amount 165 miles is on the State 
bond-issue system, 263 miles are county roads, all surfaced, and 923 
miles are township roads, of which 753 are surfaced. No attempt 
should be made to employ a standard specification for roadside ma-
terial. Prospective quarries or pits should be sampled, and such speci-
fications adopted as will permit the use of the local material in a 
practical manner. 
VIII. ROADSIDE DEVELOPMENT 
(a) Fnoll! AN ENGINEERING STANDPOINT 
PHELPS VOGELSANG* 
A large number of articles and papers have been written to cover 
Roadside Development in a general way, but very few, if any, deal 
with the presentation and solution of actual field problems as en-
countered every day in planning a roadside planting program. 
This being an engineering group, it will be of interest to confine 
the discussion to engineering phases, and let the technical landscape 
angle go for the present. The landscape engineering phase might be 
termed the preliminary and foundation work which is absolutely essen-
tial and must be accomplished before actual planting is done. :Most of 
these problems are familiar to everyone in this room, but perhaps you 
have never really considered them in this light. 
First, it must be understood that highway landscaping is an inte-
gral part of highway construction and maintenance, and cannot be 
divorced therefrom as something separate and different. In the past 
the attitude has been that this work was extra, something that only 
the Garden Clubs were interested in, something that did not concern 
the engineer. His duty was to build the road. Let someone else scatter 
the flowers after, if they wish. 
The planting is only the final touch that makes it a finished 
product. We are dealing with the appearance of the highway and, I 
think, the word "appearance" is a part of engineering as well as of 
landscaping. Fortunately, a road that has the proper alignment, 
design, and construction, so that maintenance costs may be kept at a 
minimum, will have the proper landscape appearance, or vice versa. 
An alignment that is made up of short tangents and sharp simple 
curves is usually dangerous to traffic, and does not have grace. An 
alignment that is too straight and flat makes a monotonous drive, and 
therefore may increase danger as well as detract from the appearance. 
Long sweeping compound curves and smooth easy verticals are not 
monotonous, are pleasant to drive, and add to the landscape qualities. 
Points of scenic interest should be capitalized rather than avoided. 
The highway and structure design is particularly a part of the 
landscape design, and the two must be combined to obtain the best 
effects. If the best landscape effects are to be obtained and future 
*Landscape Engineer, Illinois Division of Highways. 
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maintenance costs reduced, the shoulder slopes, ditch slopes, and back 
slopes must be smooth and flat enough to be seeded and maintain a 
complete cover of grass. A slope of 3 to 1 grade can usually be seeded 
and will support a solid stand of grass. If a 3 to 1 slope is greater 
than twenty feet high, it is very apt to erode near the base due to 
rain that falls on the face of the slope. Usually it is desirable to sod 
or plant vines and shrubs to prevent erosion of this kind. Many times 
surface water from adjacent land must be intercepted in order to 
prevent erosion on 3 to 1 slopes that are high. In general, any slope 
steeper than a 3 to 1 grade should have some protection added, such as 
sodding or planting. By rounding the top of a slope a more natural ap-
pearance is obtained and erosion is reduced. The rounded top helps to 
spread the surface run-off, and checks it from becoming confined at 
a point and thereby starting a gully at the shoulder edge. The slope 
between the shoulder and the ditch must also have a heavy cover of 
grass, and the slope angle should not be greater than a 3 to 1 grade. 
Greater slopes than this will erode and allow the shoulder to sag. A 
rounded shoulder edge will also help in preventing erosion, and will 
assist in getting a quick catch of grass. Deep angular ditches are ugly, 
dangerous and hard to maintain. Wide, shallow, and smoothly-
rounded ditches are attractive and cover readily with grass. 
Structures such as bridges and culverts can be designed to fit the 
landscape. When they do fit, the approach grades can be reduced and 
future maintenance cost will be lower. There are also a number of 
changes in structure design that will reduce maintenance as well 
as add beauty to the structures. 
There are a great many difficult problems confronting this Depart-
ment in regard to the maintenance of roadsides. Erosion control, seed-
ing, mowing, and weed control, all present a problem which demands a 
costly type of remedy. 
Erosion has been partially discussed. It is obvious that all raw cut 
areas are costly, and that the only solution is to cover these places 
with some type of plant growth. Grass by seeding is by far the least 
expensive covering, although this type can only be used where grades 
and soil will permit. The next in line is the use of shrubs and vines. 
The original cost of planting this type of material is greater, but after 
the plants are established the maintenance cost is practically nothing. 
With the method used at present, it will take two growing seasons to 
completely cover a surface. When considerable wash is encountered, 
and the soil is very poor, sodding is usually the best solution, although 
the· original cost of such sodding is considerably higher than that of 
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planting. A combination of sodding and planting can be used to hold 
the larger and steeper cuts or fills. Combination tree and shrub plant-
ings have been very successful in stabilizing large fills. 
Seeding and mowing have been two very expensive items of main-
tenance in Illinois. Proper seeding and maintenance of a complete 
and dense growth of grass is the only successful method for the con-
trol of erosion and weeds. A dense mat of grass cannot be obtained 
through one seeding; it requires constant care and reseeding of the 
barren areas where the original seeding has failed. A proper type of 
seeding requires a preliminary study of the area to be seeded so that 
the correct type of seed can be used. Certain seeds require certain 
soils, and success can only be obtained by planting those certain seeds 
on that certain soil. There is bound to be some failure on every project 
and the only solution is to try again until success is obtained. It may 
take ten years of constant trying before a dense enough stand of grass 
is obtained to prevent the seeding in of weeds; but even this is better 
than having weeds forever. 'Veeds are bound to seed in on barren or 
thinly-grassed areas, and this cannot be prevented by mowing. Care 
must be taken in mowing so that the grass will not be cut too short 
during dry periods, as this is apt to kill it and cause it to thin out, 
thereby letting weeds come in. A dense stand of grass that is free 
from weeds needs very little mowing, as grass 8 to 10 inches long is 
not objectionable outside of the shoulder, if it is even and well covered. 
'Vhere areas are too steep or too rough to mow by machine, why not 
cover these areas with shrubs and thereby eliminate the need for 
mowing? 
May I briefly outline some of the advantages and disadvantages of 
highway planting in order to show the practical side of such a program. 
From a scenic standpoint, there is very little argument. Planting 
makes a highway pleasant to drive on especially during the hot dry 
summer. It has been proved that highway planting increases traffic 
and motorists will seek comfortable drives and avoid those that are 
unattractive. Shade and evaporation of moisture from trees tends 
to make it cooler in the summer. This fact alone actually helps to 
conserve moisture and therefore to lay dust, and may even help in 
preventing pavement blowouts. It has been demonstrated that the 
evaporation of moisture in wooded areas helps to cut down fro'st pene-
tration in winter. 
Planting has a distinct advantage in erosion control, stabilization 
of fills, and weed control. Areas that require mowing can be cut down 
m size. 
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Some states have saved .many thousands of dollars in snow removal 
costs through the elimination of wooden snow fences, and by planting 
permanent snow barriers. Perfect and permanent snow barriers can 
be planted at the cost of four hundred dollars per mile, and where 
these barriers have been used the entire cost has been saved the first 
year they were effective. Naturally, additional right-of-way is re-
quired for permanent snow fences, but I know of some very effective 
ones planted on 120-foot right-of-way. This type of work is usually 
accomplished by planting 12- to 14-inch evergreen seedlings. A six 
foot barrier can be obtained in from six to eight years. Broad-leaved 
trees and shrubs are usually added to break the monotonous effect of 
the evergreens. 
The Federal Government has already started on its windbreak and 
shelter belt system in the west. Their work shows that many millions 
of dollars in farm crops will be saved yearly through wind protection 
and moisture conservation in the middle western states. Why is it not 
possible to save millions of dollars in farm crops in the State of Illinois 
by planting trees along our highways that will .make exactly the same 
type of windbreak and shelter system as that planned in the west? 
Trees planted on every highway in Illinois would certainly protect 
Illinois and eliminate the need for 'vindbreaks on private property. 
The land is already there, all it needs is planting. 
Conservation of birds and wild life is of importance to agriculture. 
Highway planting adds nesting places and food for wild life. 
Safety must be an important feature in highway work. A monoto-
nous drive is dangerous. Our roads can be made interesting through 
planting. Through proper design in planting our highways "·ill be 
comfortable and pleasant to drive on. We must not create startling 
effects that will attract the attention of the driver, as a sign does, 
lest it cause a traffic hazard. Slight clearance must be maintained at 
all intersections and railroad crossings, and trees must not be planted 
too close to the pavement. Masses of shrubs, when properly placed at 
wye intersections and at sharp curves, help to show off the curve and 
still will not smash a car if the driver misses the corner. In a number 
of cases planting of this kind should replace the present guard-rail.· 
Listed among the disadvantages and complaints urged against such 
a program, is the claim that trees will shade the adjacent land and 
sap moisture and vitality from the land, and thus injure crop produc-
tion. It is -true that shading will cut down crop production, but a 
great part of this injury can be eliminated by proper design, by under-
trimming of the trees on the outside to allow the sun to penetrate, 
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and by not planting continuous rows of trees that will form a wall 
effect. Such species as poplar, elm, willow, and soft maple have a 
very shallow root system as a rule, and are apt to draw considerable 
moisture from the surface soil. . By not planting the undesirable types, 
or by arranging them so that the roots will not spread to adjacent 
lands, most of this damage can be ·eliminated. Deep-rooted species 
such as oaks, ash, hickory, etc., take most of their moisture from the 
lower levels and do not have much effect on surface moisture. They 
should be of some help to crop production by penetrating the subsoil 
and making it more porous. 
Shrubs are apt to be a snow hazard and pile drifts on the roadway 
unless properly located and arranged. Shrubs can be planted even on 
narrow rights-of-way and designed so they will not pile snow. The 
shrub groups can be shortened, and the shrubs can be undertrimmed to 
allow the wind to pass through and not cause a drift. When shrub 
groups are properly placed with relation to the amount of storage 
space for snow they will act as a help rather than as a hindrance. 
I have heard the objection that the leaves falling from trees in 
the fall are dangerous on the pavement, yet I have never heard of 
any accident that has been caused by leaves, even on sections where 
there are many thousand trees per mile. The danger of trees actually 
breaking down and endangering traffic is of course a matter of plant-
ing the proper types and keeping them in a healthy condition. If 
newly-planted trees are properly trimmed they will not develop weak 
crotches that will break down in storms. 
The matter of roadside trees spreading to adjacent cultivated 
fields is a disadvantage that is highly debatable. We only wish that 
most of the trees would spread a little more readily than they do. 
It is a fact that trees will cause ice to remain on the pavement 
longer than it will in barren places. The length of time that ice 
remains depends on the exposure. Some of this trouble, of course, can 
be remedied through design. We are sure that this disadvantage is 
not very serious and is offset many times by advantages. The period 
· o~ ice may be a few days a year at the most, while the shade is of 
benefit for several months. 
Interest in Roadside Development is rapidly gaining momentum. 
States and communities that have practised this work for a number 
of years are more enthusiastic than ever, and within the last two 
years nearly every state in the Union has started a program of this 
kind. Interest in the subject is not waning because of the disadvant-
ages of trees on the highways, but instead, planting is being accepted 
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everywhere as a solution to the problem of bringing the highways of 
the country up to date and in tune with the times. 
(b) FROM AN ESTHETIC STANDPOINT 
IRVING L. PETERSON* 
As we think back upon the history of hard roads in Illinois I sup-
pose most of us can remember the time when it was the thing to take 
our guests out to the edge of the town and whisk them over a mile 
of hard road, if we were so fortunate as to be among those who 
owned cars. That was a real thrill and the terrific speed of 30 miles 
per hour was quite a strain on the heart. At that time one concen-
trated fully upon the possibilities of a blow out, a collision, or possibly 
a jump over the fence and didn't dare to let his mind wander into the 
realms of beauty cexpressed by the passing landscape. 
Another recollection that comes to my mind is that of early at-
tempts toward roadside planting. Those people who tried, 20 years 
ago, to improve the appearance of the highways by plantings were 
brave souls. Their hearts were in the right place, but they were a 
little ahead of their times. The farmer wasn't quite ready to have his 
right of way strewn with "buck brush" or "rabbit brush" as he called 
it. He had worked hard to clear the land and had things where he 
could control them. Naturally he rebelled against the early attempts 
at planting, and sought to discourage them as much as possible. He 
hadn't been sold on roads. 
What a difference there is today! When one travels over the state 
today and finds these wonderful roads that carry one wherever he 
wishes to go, it is almost unbelievable. Sometimes I fairly gasp in 
wonder at the fine work our engineers have done. Keeping pace with 
the increased tempo of traveling they have met the demands for safe, 
durable, spacious roads, and beautiful bridges. Their efforts have been 
directed towards producing enough miles of hard roads to get us out 
of the mud, and now we can be thankful that the time has come when 
they can look up from their rods and transits long enough to become 
"landscape minded." 
Along Illinojs highways we find a variety of landscapes, good and 
bad. \Ve have natural scenery, and also our man-made scenery; the 
latter perhaps does not rank so high. For natural scenery we have the 
woods, the meadows, the fields, hills, valleys, etc. Into this man has 
put his creations and today we are trying to correct such things as 
*Assistant Professor of Landscape Architecture, University of Illinois. 
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unwise advertising mediums, dumps, automobile morgues, unsightly 
eating places, filling stations, etc. As one writer expressed it, we are 
trying to overcome the roadside leprosy. Enough has been said and 
enough eviden.ce has been collected to illustrate all of these things to 
convince most of us that the roadside was not meant to be a "carnival 
street" with its noise and jazz. These things will adjust themselves 
very quickly, I am sure. 
There will always be a struggle to keep natural beauty. Man and 
the natural elements all work towards its destruction and it will 
always require constant vigilance to preserve what nature has given us. 
In Engla~d, the highways have always been beautiful because 
most of the big land owners kept up neat stretches of the road at 
their own expense. Now, with taxes going sky high, the land has been 
divided, and a great many of the small land owners are unable to 
maintain their share of the roadside. It therefore falls upon the high-
way department to take over this responsibility if it is to be done at 
all. Those of us who have had the pleasure of using these fine English 
highways can appreciate how much roadside planting means. 
What is the viewpoint of the average auto owner towards our 
roads? He just takes good roads for granted today, and forgets that 
there ever was such a thing as a bad road. When he gets into his car 
he wants to go from here to there with no obstructions and wants all 
the comforts of an up-to-date Pullman car. He gets irritable if a 
chicken crosses in front of him and nearly explodes when he comes to 
a detour sign, but that's what the builders of highways must put up 
with. It's a good deal as Mr. Kettering of General Motors says: "You 
must give a man something to operate that requires no thinking on his 
part if you are to consider it a real contribution to mankind." I sup-
pose that if there were a dial in the car to register the brain activity 
of the average auto driver, the needle would stand close to zero. He 
takes very little responsibility for the upkeep of the highways and ad-
jacent property, and we might as well accept this fact. Perhap,; in 
time, when our program of roadside beautification is in full swing, 
the auto owner will become landscape-minded and contribute more to 
the cause, by not adding to the disorder of things. For the time being 
let's make the roads so safe and so beautiful that the auto driver 
may relax to the fullest extent and add a few years to his life. 
What about the farmer who lives along this "ribbon of gray"? 
Has he any responsibility? I think so. 
If every farmstead had its potential landscape beauty developed 
t -) 
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and maintanied, what a big part of the program would be taken care 
of! Some farmste~ds could be great focal points in the landscape 
plan; and should be carefully considered. Of course, when we have so 
many tenant farmers it is to be expected that they might not show 
much enthusiasm for keeping up a landscape program on land be-
longing to someone else. This is where I think the highway department 
can be effective. \Ve must have the cooperation of the landowners and, 
"·here it is necessary, aid should be given by the state. I don't mean 
that the whole farm should be landscaped, but where there are great 
landscape possibilities, advice and some maintenance is surely justified. 
The highway department has authority and organization which should 
be used wherever good reason justifies it. I believe that most land 
owners in time will become landscape-minded and take their share 
of responsibility. It requires time and a little help in the beginning. 
The landscape architect is interested in the beauty of the whole 
roadside with its great variations. He looks for the natural beauty of 
trees, grass, flowers, sky, water, rock, and special combinations of 
these. or{e might ask, ""What is beauty"? It is "successful expression." 
These great wide roads with their sweeping, graceful curves and 
modest expressive bridges, are things of beauty: they meet their de-
mands successfully. Along with this expression of beauty the land-
scape architect aims to do three things-preserve existing beauty, add 
to what already exists, and create new scenes. He wants to preserve 
native woods and wild flowers; he seeks to keep open views of the 
prairies and water. Sometimes, in order to make the most of beauti-
ful scenes it becomes necessary to delete some things from the picture 
and this should be done. 
No doubt there are times when more care and thought should be 
given to the existing. plantings before the hard road is built. It may 
cost some labor and extra effort to preserve existing specimens of 
exceptional value, but in the end it would be money saved. This is 
a point for argument and needs very careful consideration. It is 
especially true of our secondary roads. One has only to ride over 
some of those delightful country roads outside of Lexington, Kentucky, 
to appreciate the beauty and charm of natural vegetation. 
In regard to creating new scenes, it becomes a matter of good 
judgment an_d good taste. Here in Illinois there are some stretches 
of road that need lots of planting and many that need very little. 
There are stretches that call for many trees for shade and shrubs for 
interest. So.me places offer such beautiful open country pictures that 
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no planting is necessary. It is my feeling that the raw clay banks 
where a deep cut has been made should be planted for appearance's 
sake as well as to prevent erosion. 
·winding roads usually offer more opportunities for interest ahead, 
and on those we can produce effective landscape composition. 
The landscape architect should at all times have his eyes open 
for vistas, views, and panoramas. This may sound rather professional, 
but it has a real meaning. Roads can become endless vistas, as when 
cut through the woods. Views are glimpses of the outdoor picture as 
one looks through the trees out over the country, and panoramas are 
extended views from high places overlooking vast areas. Producing 
all three of these by planting or cutting out is one aim of the landscape 
art. 
Beauty alone is not enough, and the artist must look for its 
counterpart, use. 
Landscape architecture may be defined as the art of fitting land 
to human use and enjoyment in such a way as to be most fitting and 
proper in a given spot. Our whole program of roads and 'roadsides 
is based on the thought of use and enjoyment for human beings. Since 
the greater proportion of the traffic on our highways is for pleasure, 
it is only logical to suppose that the principles of landscape architec-
ture should be applied. to its program of development. 
What is needed is a happy relation of plants, not just any kind 
of planting. Roadside planting is not just a matter of letting a con-
tract for so many trees and having an avenue. There are places where 
space does not permit anything more than a row of trees, but this 
should be varied so as not to impress too much of the city effect upon 
the country. I think recent plantings tend to show more feeling for 
groupings and variety. The motorist sometimes wonders why trees 
are not in a straight line and why spaces are not equal. I presume he 
lives in the city where he is used to such regularity, and it is hard 
for him to visualize the informal plantings. Fitness of things is of 
course what all art aspires to. The landscape architect seeks to use 
plant material that is fitting to the situation. He wants masses of 
native material where space permits, and he wants the planting to 
look sturdy and capable of making a living. Some of the attempts of 
civic Clubs towards planting highways and intersections have been 
excellent in spirit but not so wise in execution. 
The landscape architect is interested in preserving and acquiring 
new wooded areas along the roadside that may be of comfort to the 
people. We are all anxious for the greatest comfort in transportation 
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and there is nothing, in my opinion, that is more welcome to a tourist 
than a small park or picnic grove. we might choose to call such a 
place a stop-side park. 
Last summer my wife and I left central Illinois to go up into 
northern Michigan. It was one of those hot days, and we felt that 
a lunch eaten in a nice shady grove would be much more enjoyable 
than one in a hot hotel or lunch room. We drove mile after mile 
without coming to such a place, and finally pulled off the road on to 
a side road and found some comfort in the shade of a few trees in 
front of a farmstead. 
Stop-side parks could be pieces of land from one to five acres in 
extent and of a type not suitable for raising crops. They should be 
easily accessible and afford space enough for parking a few cars. They 
should offer water, air, drainage, and ordinary picnic facilities. If 
such places were located about 25 or 30 miles apart and administered 
by the highway department, they would prove a great source of 
pleasure to the touring public. 
Wooded areas ·should be acquired not alone for parks and picnic 
groves, but for other purposes as well. They make beautiful back-
grounds for landscape effects and lend their cooling effect to the 
traveler. There is also the possibility of future timber supply, and 
the possibility of protection against snow and wind in the winter 
time. · 
Just where, then, does the landscape architect fit into this picture 
of roadside·improvement? First of all, he is interested in the plans-
the general engineering plans and his own plans. A great deal of the 
foundation work for landscape development should be put into the 
engineer's plans. 
The landscape architect should be of value in supervising the 
planting so that the plans are reasonably carried out. I say "reason-
ably" because I have never seen a planting plan that didn't need some 
adjustments when actually carried out on the ground. 
All structures along the highway other than those on farmsteads 
should be considered by the landscape architect and the highway en-
gineer so as to give them the best locations for accessibility and 
landscape possibilities. It may seem that a man ought to be allowed 
to build what he pleases and where he pleases when he owns or leases 
the land, but, froin experience of the past, this doesn't always work 
out satisfactorily for the general interest. 
I have ·noticed in traveling over the highways that there are 
certain points where a great panorama of unusual beauty presents 
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itself. Such places should be pointed out and provided with such 
parking facilities as would allow the motorists to pull off the road 
easily and take· a few good looks. This might require a little extra 
slab or so.me protecting walls, but I think it would be worth the. cost. 
The landscape architect should be interested in the question of 
inspection. The program of planting cannot go on without vigilant 
inspection of the plant material now existing and the new planting. 
No doubt there are. many existing shrubs and trees that are not in 
good healthy condition and should be removed. It must also be re-
membered that after trees have grown old and reached their prime, 
they begin to break down and become hosts for disease. I believe 
that, when this condition exists, it is right to cut down such trees to 
be replaced with new ones. Most people arc over sentimental about 
trees, and are in that way enemies of trees. Decay begins where a 
tree has reached maturity, and this decay and disease will spread to 
other trees. It is therefore the landscape man's duty to watch this 
and see that trees left standing are in good condition. 
General maintenance of all trees and shrubs is essential. The suc-
cess of all landscape ventures depends on their maintenance, no mat-
ter how well planned or executed they may be. Plants need help 
the first year, especially when planted in the spring. If we plant big 
trees, such as hard maples and elms, we must expect to lose .many by 
the attack of borers, unless some one is constantly on guard. Prob-
ably this roadside planting will lead to some vandalism on the part of 
those who wish to take home all the flowering branches they can reach; 
this will call for some corrective pruning. 
In the collecting of native material, care should be exercised, and 
the landscape man should bring into use all his knowledge and ex-
perience so as to take only what is worth while. Much native ma-
terial will not thrive after being transplanted, and never will develop 
a great deal of character. 
This may sound rather strange, but plants do have character. 
This is particularly true of trees, and I think that the trees planted 
along our highways should be the best we can get. I am in favor Of 
using well-grown, transplanted nursery trees as far as possible. No 
doubt there are places where local plant material is satisfactory, and 
the highways should reflect the spirit of the region but not appear too 
gardenesque. The use of native material has been stressed by many 
writers, but there is no reason why one locality should see nothing but 
sumach and elderberry' or why the southern part of the state. should 
• 
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not share some of its roadside beauty with the northern part, and vice 
versa. 
The understanding of this great matter of plant material with its 
variations is a field for constant study, and worthy of the landscape 
architect's attention. 
Another thought that occurs to me is the study of the entrances to 
towns. It seems to me that the edges of our towns are all very ragged 
and uninviting. Here is an opportunity for the combined thought of 
the engineer, landscape architect, and architect. All three are neces-
sary, in my opinion, in order to produce a well-conceived plan and 
have it carried out. It is this spirit of cooperation that is going to 
produce results in any part of the highway program. The engineer 
has blazed the trail and has done a good job, but he cannot do every-
thing. He needs the help of other trained men, and the sooner this 
fact is appreciated and appropriate action taken, the better it will be 
for all of us. 
The Federal Government has seen the light, and requires that 
every Federal highway project include in its organization a trained 
landscape architect. This is a very hopeful sign in many ways. It 
is a great encouragement to the landscape profession, and will tend 
toward elevating the public taste, and understanding of the landscape 
art. I cannot help but think that the landscape program for our 
highways will do more to improve education along landscape lines 
than anything we have ever done in an educational way. Some people 
practically live in their autos and on the highway. This being so let's 
bring their food and education to the highways and serve them there. 
It is impossible for millions of people to ride along our highways 
every year and not be impressed by what they see, whether it is good 
or bad. 
This great program of highway improvement is important as a 
work program. I understand that approximately from three to five 
per cent of the road budgets now are designated for road improvement, 
and of this two-thirds goes into labor of some sort. If this is so, our 
relief program is helped to that extent, and that is what we want. I 
see no reason why, in the future, a great many men cannot be usefully 
employed in maintenance work to keep the highways useful and 
beautiful. 
As regards· the economic value of roadside beauty, I presume 
there is something to be said. Most of us in planning a trip want to 
go by the shortest route but we are also swayed by the question 
• 
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"Which is the most scenic?" When a road is well-built and is scenicly 
beautiful, motorists will go many miles out of their way to use it. 
There are many instances where Illinois people choose to drive through 
Indiana going north and south, and in the aggregate I imagine the 
gas tax receipts involved amount to a great deal. Let's keep our own 
gas tax for our own roads. 
Evidently this program is to go on with enthusiastic support. The 
task is a great one, and demands the cooperation of highway officials, 
engineers, and landscape architects. It is a job for the artist and the 
engineer. We are no longer in the pioneer stage and engineers have 
demonstrated that they know how to build good roads and bridges. 
We can no longer justify building without some attention to beauty. 
It is my hope that I may see the day when the landscaping pro-
gram of this country will seize us all with such enthusiasm as we little 
dream of now, and when we will all be fully conscious of our great 
opportunity to contribute something good instead of adding to the dis-
order we now see. After all, let us remember that this old world is 
going to stay right here, and that other generations will follow us. 
What we do may be changed, but let us leave to those who come after 
us something they can use and be proud of, so that they may also 
sing "Highways Are Happy Ways." 
• 
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IX. THE MOTOR FUEL TAX LAW AS APPLIED TO 
CITIES AND VILLAGES 
(a) FRol\I THE STANDPOINT OF THE CITIES 
M. P. O'BRIEN* 
The amendment to the Illinois Motor Fuel Tax law which provides 
that a portion of .the net receipts shall be expended by municipalities 
has now been in effect one year, and, for those cities whose officials 
have been awake to its possibilities, it has provided means for financ-
ing construction projects that would not otherwise be possible. The 
economic conditions that have prevailed for several years have put a 
definite end, for the present at least, to the financing of municipal 
paving by taxation against the abutting property, and the large 
amount of defaulted Local Improvement bonds gives little incentive to 
a contractor to undertake work for which he will receive payment in 
such collateral. 
In the administration of this fund, which must be expended with 
the approval and under the general supervision of the Division of 
Highways, the State authorities have been very liberal in cooperating · 
with those municipalities whose officials have elected to do work of a 
recognized standard. They have assisted in the preparation of plans, 
specifications, and estimates of cost, and have attempted to meet the 
\Vishes of the cities in every way consistent with good practice. They 
have set up certain routine requirements of procedure which at first 
glance might seem to be obnoxious and bureaucratic, but, when it is 
realized that they are dealing with over one thousand separate muni-
cipal organizations, it must be admitted that some sort of uniform 
practice must be set up and followed. The City of Springfield has 
been among the municipalities in Illinois to cooperate more actively 
with the State both before and after the inception of the division of 
:Motor Fuel Tax funds, and not only have its relations been very 
satisfactory to the City, but at least as much street construction has 
been carried on during the past three years in Springfield as in any 
community in the State, based on a population comparison. As a 
matter of fact, the average annual street construction expenditure 
during each of the years 1932, 1933, and 1934 equalled or exceeded the 
average of the ten years previous to 1932. This could only have come 
about by the cooperation of the State authorities. 
*City Engineer, Springfield, Illinois. 
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The fact that Motor Fuel Tax funds are allocated to municipalities 
on a population basis means, naturally, that the smaller cities and 
towns do not receive any . amount of money annually sufficient to 
finance a project of much importance. In some of the larger places 
a somewhat similar condition has existed, but, in several cases, the 
State has entered, jointly with the cities, into construction projects, 
when a combination of Motor Fuel Tax funds expended by the City 
and State funds used by the Division of Highways has resulted in 
some very satisfactory construction. In other cities, where an amount 
equal to the Motor Fuel tax allocation for several years would be 
needed, the State has paid the entire cost of some necessary improve-
ments. 
This joint construction is not an entirely new departure on the 
part of the State, but; as a matter of fact, has been in existence dur-
ing the past three years. About the only difference is that, instead 
of a city financing its share of the cost from general tax receipts or 
from special taxation against abutting property, the Motor Fuel Tax 
is used. There are, unfortunately, many cities in Illinois which, on 
account of failure to collect taxes, are in bad shape financially, but 
there is no reason why any city of 25 000 or more population cannot 
have some pavement construction annually, if its officials will make 
full use of their opportunities. The peculiar fact is that all this work, 
even including preparation of plans and supervision, can be paid for 
without a cent of expenditure from local taxes, and Motor Fuel Tax 
funds allotted to the cities cannot be expended for purposes other than 
improvements. 
The entire responsibility for originating pavement projects wherein 
Motor Fuel Tax funds are used rests with the municipality. The law 
contemplates that priority be given to streets occupied by State routes, 
and if, and when, they are in satisfactory condition, arterial streets, 
approved by the Division of Highways, may next be given attention. 
We have found it a good plan to consult the Division of Highways 
prior to making drawings and· specifications. There would be little 
justification for the expenditure of time and money in making detailed 
plans unless the State and City are agreed. In the preliminary dis-
cussion, the location, width, type, etc., of the proposed improvements 
should be decided, and at least a tentative agreement should be made 
regarding a division of cost between the City and the State, if there is 
to be one. Plans, specifications, and estimates of cost may then be 
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made, and the proper resolutions and ordinances passed by the City 
Council. All steps up to and including taking of bids, awarding con-
tracts, and final. settlements for work done must, of course, be ap-
proveq by the State authorities,. and, with the tremendous amount of 
work involved, very early and vigorous steps must be taken by the 
cities if their projects are to be ready for bids by the time the con-
struction season starts. My own experience in handling Motor Fuel 
Tax projects is that the construction is carried on entirely under the 
supervision ofthe municipal engineer. The State does not assign en-
gineers or inspectors to each individual job, but it does maintain gen-
eral supervision to see that plans a.nd specifications are carried out in 
the proper manner. Inasmuch as the State maintains inspectors at 
most of the material-producing plants and mills, materials are in-
spected and reports are made by these men to the City Engineer. In 
other. words, the details of a project having been agreed upon by the 
State and a city, the Division of Highways expects the city to assume 
responsibility for its execution, but gives such assistance as it can. 
During the past· year the arrangement has been very satisfactory to 
the City of Springfield. , 
During the summer of 1933, a number of cities made inquiry of 
the Department of Public Works and Buildings as to whether or not 
it would be possible for a city to originate and carry out a pavement 
project as a Local Improvement, pledging the anticipated receipts from 
Motor Fuel Tax allocation for the payment of Public Benefits en-
tered against the city. The matter, being of general interest, was re-
ferred to the legal firm of Chapman and Cutler of Chicago for an 
opinion, which was, in effect, that this could not be done. As a matter 
of fact, the entire subject of making and collecting a Motor Fuel Tax 
is one in the hands of the Legislature, and just how long it will be 
collected, or what part, if any, will be paid to the cities, rests entirely 
on such action as it may take. We have already seen one third di-
verted to purposes other than highway construction. Our City At-
torney, Mr. Hugh J. Dobbs, agreed with the opinion of Chapman and 
Cutler, and advised the Springfield City Council to enter into no 
contracts for 1934 involving an outlay of Motor Fuel Tax funds 
greater than what could reasonably be collected during that year. Four 
paving projects were then submitted to the Division of Highways in-
volving the use of Motor Fuel Tax funds. Two of these were Public 
Improvements; that is, the City paid the entire cost, and two were 
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Local Improvements, in which a small special tax was levied against 
abutting property. By the way, one of these jobs carried a special 
tax of $2.25 per front foot, and the other one of $2.00 per front foot. 
In the Local Improvements, all the balance of cost was levied against 
the City as Public Benefits. In the jobs built as Public Improve-
ments, wherein no tax was levied against privately-owned property, 
monthly estimates in cash were paid the contractor to about 80 per 
cent of the total cost. The balance was advanced from the Public 
Benefit Fund. In each of the Local Improvements, the final estimate 
was paid the contractor upon approval of the County Court, by special 
tax bonds, cash from Motor Fuel Tax, cash from Public Benefit Fund, 
and the balance, in one instance, by certificates of indebtedness of the 
City bearing 6 per cent interest. These certificates will be, and are 
being, taken up as payments on first installment of special tax, or as 
monthly payments of Motor Fuel Tax .are received. Incidentally, the 
City will receive a P.W.A. grant of 30 per cent of the cost of these jobs, 
and this money, when it is received, will be used to replace funds 
which the city has advanced. Two other jobs in addition to the four 
mentioned were constructed without the use of Motor Fuel Tax funds, 
but, with this exception, were financed in a similar manner. 
In order to find out something about the manner in which funds 
allocated to cities have been used to stimulate street construction, an 
investigation was made of the total allocated, the amount spent or 
definitely committed, and the balance on hand in the office of the State 
Treasurer as of December 17, 1934. Information covering these sub-
jects was kindly furnished by the Department of Public Works and 
Buildings, Division of Highways, and the figures, while in no manner 
official, may be taken as approximately correct. 
Excluding the Motor Fuel Tax collections for December, there has 
been allocated during 1934 a total of $6 564 132.13, of which $3 152-
966.66 was allotted to Chicago. This entire sum is intended for street 
purposes, and does not include that part of the Motor Fuel Tax di-
verted for school purposes from the City of Chicago and the balance 
of the cities in the state. It is estimated that the part of the De-
cember collections due the cities will amount to approximately 
$421 800.00, or a total of $6 985 932.13 for the year. The following 
table gives details of that portion of the collections either expended or 
obligated, as of December 17, 1934. 
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Total costs of City 1\1.F.T. Contracts approved to date ... $1 293 044.41 
Total estimated cost of City M.F.T. contract sections from 
which contracts have not as yet been submitted for 
approval........................................ 574 981.40* 
Total estimated costs on City M.F.T. Day Labor sections 
approved to date. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 937 731.12 
Sub-total. ................................... $2 805 756. 93 
·Total M.F.T. appropriated for l\Iaintenance............. 206 500.00 
Total M.F.T. appropriated for Obligation Retirement.... . . 167 336. 69 
Total. . . . . . . . . . . . . . . . . . . . .. . . . . .. .. .. .. .. .. . $3 179 593. 62 
Less payments made for contract, Day Labor Construction, 
Maintenance and Obligation....................... 1 885 766.98 
Balance ..................................... $1 283 926.64 
(obligated not 
spent) 
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The following table shows disbursements to municipalities from 
collections during the first eleven months of 1934: 
1\1.F.T. DISBURSEMENTS TO MUNICIPALITIES 
January 1, 1934 to December 17, 1934 
Contract Construction ............................... . 
Day Labor Construction ............................. . 
Engineering ........................................ . 
Right-of-\Vay ....................................... . 
:Miscellaneous ....................................... . 
:Municipal Indebtedness .............................. . 
l\Iaintenance ..... : ................................. . 
$1 075 229.42 
484 655.64 
233 605.53 
8 821.82 
158.94 
143 263.69 
182 618.23 
Total Disbursement .............................. $2 128 353. 27 
It will be seen from these tabulations that, from a total allocation 
of $6 564 132.13, a little less than half has been either obligated or 
spent, and the year 1935 starts with a balance· somewhere close to 
$3 400 000.00 in favor of the cities. Of this amount approximately 
$2 500 000.00 belongs to the City of Chicago. Incidentally, of an 
allotment of $3 152 966.66 for 11 months, the City of Chicago has 
paid out $656 944.17 to December 17. Some of the larger cities in 
the state, 01:1tside of Chicago, have taken full advantage of the Motor 
Fuel Tax Fund, and, in some instances in connection with cash derived 
from other sources, have provided construction projects which would 
*Does not include superstructure for Ashland Avenue, North Branch overhead, City of 
Chicago, which is estimated to cost $700 000.00. Preliminary plans have been approved, but not 
detailed estimate. 
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not otherwise have been possible. It is neither practical nor desirable 
to show what each municipality has accomplished, but the following 
tabulation of 27 representative cities will give a general idea of the 
results for the first eleven months. These cities contain 40 per cent 
of the population of the state outside of Chicago. 
Balance 
City Population Allotted 1934* Paid-out 1-1-35 
Alton .................. 30 151 $35 344.87 $ 5 046 77 $30 298.10 
Aurora ................• 46 589 54 614.49 21 280.95 33 333.54 
Belleville ............... 28 425 33 321.55 ......... 33 321.55 
Berwyn ............•... 47 027 55 127.97 8 804.05 46 323.92 
Bloomington .......... , . 30 930 36 258.05 31 167.28 5 090.77 
Chicago Heights ........ 22 321 26 166.05 21 765.30 4 400.75 
Cicero ................. 66 602 78 074.96 ......... 78 074.96 
Danville .............•. 36 765 43 098.21 39 474.93 3 623.28 
Decatur ................ 57 510 67 416.75 35 800.00 31 616. 75 
East St. Louis .......... 74 347 87 154.12 10 991.00 76 163.12 
Elgin .................. 35 929 42 118.18 41 880.25 237.93 
Evanston .............. 63 338 74 248.72 24 273.00 49 975.72 
Freeport ............... 22 045 25 842.56 13 609.54 12 233.02 
Galesburg .............. 28 830 33 796.32 30 047.93 3 748.39 
Granite City .....•...... 25 130 29 458.93 12 682.77 16 776.16 
Jacksonville ............ 17 747 20 804.14 19 620.32 1 183.82 
Joliet .................. 42 993 50 399.05 ......... 50 399.05 
Kankakee .............. 20 620 24 172.03 21 628:16 2 543.87 
rviaywood .............. 25 829 30 278.35 ......... 30 278.35 
!vloline ................. 32 236 37 789.03 21 771.88 16 017.15 
Oak Park .............. 63 982 75 003.65 75 003.65 ......... 
Peoria ................. 104 969 123 051.12 123 051.12 ......... 
Quincy ................. 39 241 46 000.72 42 580.13 3 420.59 
Rockford ............... 85 864 100 655.07 100 490.98 164.09 
Rock Island ............ 37 953 44 490.83 5 221. 98 39 268.85 
Springfield ............. 71 864 84 243.42 84 243.42 ......... 
'Vaukegan .............. 33 499 39 269.60 34 854.57 4 415.03 
1 172 736 $1 398 198.74 $825'289.98 $572 908.76 
Some of the Illinois cities are now preparing plans involving the 
use of their Motor Fuel Tax allotments, and it seems at this time that 
some much needed improvements will be undertaken during the com-
ing construction season. I suggest and strongly urge that each muni-
cipality in the state make a thorough examination of all street im-
provements that possibly come under the provision of the Motor Fuel 
Tax Act, and that definite plans for their construction be made at once. 
Where the probable allotment is not sufficient to entirely cover the 
*Eleven months only, as December 1934 allotment will not be made until some time in January 1935. 
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cost of this work, it is often possible to make an arrangement with 
the. Division of Highways whereby the cost of a two-lane highway 
may be financed by the State and the municipality's share may be 
used to provide such additional width as is necessary. Another fea-
ture which should not be overlooked is the possibility of Federal assist-
ance through an arrangement similar to P.W.A. grant which has been 
taken advantage of in Springfield and a few other cities. In many 
communities in the state .a small special tax or assessment may be 
levied against benefited property, especially through business or the 
better residential districts. In the latter type of proceedings, that part 
of the cost over and above the part levied against abutting property 
is assessed against the city as Public Benefits and is paid such funds 
as are received from Motor Fuel Tax allotments or Federal grants. 
Even when the Division of Highways enters into a joint project, there 
is no legal difficulty in carrying the action through all the steps neces-
sary in a Local Improvement proceeding. The State and the city 
receive bids at the same time for their respective portions, and the 
same contractor is awarded both jobs. The State pays the contractor 
for the items covered in its agreement with the city, and the .munici-
pality pays the balance from Motor Fuel Tax, special assessment to 
special tax collections, Federal funds, or any other funds made avail-
able for such purposes . 
In general, while serious differences of opinion regarding types, 
materials, etc., may and do exist between the State authorities and 
many municipal engineers, whose longer experience in building and 
maintaining city street structures leads them to believe that much 
better results can be obtained by applying methods well known and 
proven by actual performance, the fact remains that, even under the 
somewhat unsatisfactory provisions of the Motor Fuel Tax Act, it has 
been a great benefit to municipalities. In its administration the State 
authorities have shown a real desire to cooperate to the limit of their 
power and ability under the law. Due to the fact that 'only a small 
part of the work falling under the direction of the Division of High-
ways up to a very recent time has pertained to the construction and 
maintenance of city streets, there are many details peculiar to such 
construction which should be given closer attention by the State en-
gineering personnel. For instance, I recently observed a new pave-
ment built in 1934 by the State through a city in southwestern Illinois 
where valley gutters were built at every intersection even though 
street inlets were provided at the high side of each intersecting street. 
In fa9t, the whole subject of street intersections and the necessity for 
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smooth crossings of State routes has seemed to be a matter of much 
mystery to most of the field engineers I have seen in action. Closer 
attention should be paid by the Divisfon of Highways to such matters 
as street drainage, the adjustment of curb grades to existing sidewalk 
and driveway structures, and the many other features which occur in 
this. class of work and which are never found in the design of rural 
highways. I urge city engineers to keep in close touch with all street 
projects supervised by the State, including those in which the mu-
nicipality docs not participate, to the end that not only the design 
but also the construction details shall conform with the best practice. 
:My personal experience shows that this cooperation is appreciated by 
those in charge of the Division of Highways. 
(b) FROM THE STANDPOINT OF THE STATE 
GEO. H. BAKER* 
In thinking this subject over and deciding what to talk about I 
tried to discover some angle which would be new, but gave it up and 
decided the only thing to do was to give you the provisions of the Act 
and their interpretations, and some of the problems that arise in 
carrying them out. 
The Act provides, of course, for the collection of funds and for the 
spending of them. It provides for the collection of three cents a gal-
lon on every gallon of gasoline sold by retail for use in a vehicle used 
on the public highways. These funds are collected by the State De-
partment of Finance and arc allotted one cent to the State, one cent 
to the various counties in proportion to the motor license fees collected 
from vehicles registered in that county, and one cent to the munici-
palities in proportion to their population according to the last Federal 
census. 
At the present time the funds allotted to the State are all de-
posited in the Road Fund, and may be used for State highway pur-
poses, except that since September 1, 1934, and until March 1, 1935, 
one-third of each cent allotted to the state goes into the State Distrib-
utive School Fund. 
At the present time the funds allotted to the counties may be used 
for highway purposes on their State-aid roads, or in the retirement of 
. bonds issued for the construction of State-aid roads, except what is 
required for three other purposes, as follows: 
(1) Since September 1, 1934, and until :March 1, 1935, one-
*Engineer of County Roads and City Streets, Illinois Division of Highways. 
.. 
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third of each cent allotted to the various counties goes into the 
State Distributive School Fund. 
(2) A reserve is put aside out of each allotment for the retire-
ment of $20 000 000 of bonds issued for relief purposes. The por-
tion of the bonds to be retired by each county is in proportion to 
the amount of funds from this bond issue spent .for relief in that 
county. 
(3) A reserve is put aside for the retirement of $30 000 000 of 
bonds issued for relief purposes. The portion of these bonds to be 
retired by each county is in proportion to the amount of funds from 
the bond issue spent in that county, but is borne 50 per cent by the 
county and 50 per cent by the various municipalities in that county 
which received relief from these funds. 
At the present time the funds allotted to cities may be used for 
street maintenance and construction purposes or in the retirement of 
bonds issued for construction purposes, except what is.required for two 
other purposes, as follows: 
(1) Since September 1, 1934, and until March 1, 1935, one-third 
of each cent allotted to the various municipalities goes into the 
State Distributive School Fund. 
(2) A reserve is put aside for the retirement of $30 000 000 of 
bonds issued for relief purposes. The portion of these bonds to be 
retired by each city is computed by determining the portion of the 
money derived from the bond issue spent for relief purposes in the 
county in which that city is located. One-half of this is retired 
from the allotments of the various cities in that county in propor-
tion to the ratio which the amount of money spent in the city for 
relief purposes from the proceeds of this bond issue bears to the 
amount of money spent in the other cities in that county. 
The only exception to this is the City of Chicago, where one-
half of the balance of its allotment goes for the city's school 
purposes. 
City gas tax funds for highway purposes may be spent for five 
general purposes, as follows: 
(1) For the construction and reconstruction of extensions of 
state highways 
(2) For the. construction, reconstruction, and maintenance of 
arterial streets 
(3) For the construction, reconstruction, and maintenance of 
arterial street extensions outside of municipalities 
( 4) For engineering expenses connected with any of the fore-
going 
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(5) For the retirement of bonds sold or other obligations in-
curred for street pavement purposes. 
The law further provides that priority shall be given to the ex-
penditure of funds on state highways. This has been interpreted to 
mean that such expenditure is prior to that for any of the other four 
purposes. 
It will be noted that the law, in stating the purposes for which city 
Motor Fuel Tax funds may be spent, also set up a city street system, 
which consists of extensions of State highways and arterial streets. 
Therefore, the first thing to be done was to determine what streets 
were extensions of such routes. Since the designation of State-aid 
routes is a county function, it was necessary that the counties desig-
nate the location of such extensions in municipalities. In practically 
every case where this was done, I believe the counties consulted with 
the cities regarding it. 
The designation of the arterial street system was not immediately 
necessary, except in cases where there was no priority work necessary 
on State routes. Where no such priority existed, and it was decided 
to do work on arterial streets, it was necessary to designate such 
arterial street systems before that work could be done. The question 
immediately arose as to what is an arterial street. The law did not 
define it, and I do not think that such definition is necessary. It is 
largely a matter of judgment. If I were asked to define such a street, 
I would say it is a street which, due to its location carries a relatively 
large volume of city traffic from one objective point to another, or 
wo1:1ld carry such traffic if it were improved. I do not believe a street 
should be put on the arterial street system just because it needs im-
provement, nor should one be left off because it is not well paved. 
Most of the cities have designated their arterial streets, and I be-
lieve they have done a very good job. In very few cases has the De-
partment refused to approve such systems or required changes. In 
most of the cases these systems were worked out by the cities with 
their· district engineer before official action was taken and, therefore, 
were entirely satisfactory. 
Immediately after the law went into effect, literally hundreds of 
questions arose as to interpretation and policy. Some of these ques-
tions and answers may serve as a means of discussing this topic better 
than in any other way. At least I am going to list a few of them, as 
follows: 
(1) Will all construction be required to be new and of a hard 
·: 
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surface type? ·Construction may be of any type that the traffic 
justifies. It need not be entirely new if the existing pavement is 
worth salvaging. 
(2) Will the State dictate the type of improvement or require 
alternate types? The State will not dictate the type, and alternate 
types may or may not be specified. In the event that alternate 
types are chosen, and bids taken, the low bid on either type may 
be accepted. 
(3) May specifications other than State specifications be used? 
If the type of improvement is one which is covered by a State 
specification, we feel that, since State specifications follow the best 
practice, as recommended by technical societies and the United 
States Bureau of Public Roads, they should be followed. We par-
ticularly desire that they be followed as far as form and general 
provisions are concerned, in order to facilitate checking. If, on 
account of certain conditions peculiar to the job, variations from 
the State specifications are necessary, such variations can be cov-
ered by special provisions. 
( 4) Will day-labor work be permitted? As long as the work is 
satisfactory, and costs are reasonably close to the estimated cost, 
day-labor work will be approved. ' 
(5) Will contracts be approved in excess of funds on hand? 
Contracts may be let in excess of funds to a reasonable length of 
time, say a few months after the job is completed. No job should 
be started however, until the last job is paid for, except in the case 
of special assessment or a general bond issue. 
(6) In the case of day labor, is it necessary to take bids on 
the materials? All day-labor materials should be purchased in 
open competition. Where the amount of any one commodity is 
large, sealed bids should be advertised for. Where the amount of 
a commodity is relatively small, quotations may be taken. For 
very small items the purchase may be made over the counter. In 
every case all materia.ls should be purchased as cheaply as possible. 
(7) What constitutes an obligation which may be retired with 
Motor Fuel Tax funds? Any bond or portion of bond which is to 
be paid out of general city revenue, the proceeds of which were used 
for the improvement of any arterial street or State highway, may 
be retired with Motor Fuel Tax funds. In addition to this, the 
Attorney General has held verbally that an obligation entered into 
by the Council and Mayor, the proceeds of which obligation were 
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spent for a street improvement which was approved by the De-
partment, may be retired with Motor Fuel Tax funds, provided 
such obligation is non-negotiable. 
(8) May 1\fotor Fuel Tax funds be used for the purchase of 
right-of-way necessary for the improvement of an arterial street or 
state highway? Right-of-way is a part of the cost of construction, 
and Motor Fuel Tax funds may be used for its purchase. 
(9) May sewers, traffic signals, trees and items of that nature 
be built or provided with Motor Fuel Tax funds? Any item which 
is necessary for the improvement or operation of any arterial 
f)treet or State highway may be built or provided with Motor Fuel 
Tax funds. We do feel, however, that the cart should not be placed 
before the horse, nor a big program of such secondary items under-
taken when street improvements are more necessary. 
These questions and answers show some of the problems arising 
and at the same time cover pretty largely the working of the city 
Motor Fuel Tax Act. 
The Department never intended to take a dictatorial attitude in 
the administration of this law and I do not believe it has. We have 
consulted and advised with the cities rather than dictated. Our pol-
icies of design and construction have been along lines recognized as 
sound by most city engineers, and consequently we have had few 
differences. 
While we accomplished quite a great deal last year we did not ac-
complish quite as much as we will this year. It takes about a year 
to get into full swing, as was shown when the law first went into 
effect regarding counties. I feel very well satisfied with what has been 
done to date, and I believe the cities do too. 
(c) REMARKS ON THE SUBJECT 
v. H. KASSER* 
Since the so-called 1-1-1 division of Motor Fuel Tax funds has 
been in effect in the State of Illinois for only one year, it is evident 
that the experiences from which to draw conclusions and to offer con-
structive criticism are of necessity limited. It is entirely reasonable to 
expect that some dissatisfaction might arise with the rules and regula-
tions promulgated by the State -T:<shway Department for the adminis-
tration of the municipalities' snare of the funds. However, when we 
consider that there are over 1000 municipalities with populations 
*City Engineer, Elgin, Illinois. 
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ranging from half a dozen to more than two million in this state, we 
realize that any attempt tci fit all conditions will not be successful. 
This being a conference made up largely of engineers, it would 
seem that the title of this discussion might properly be changed to 
read, "The Motor Fuel Tax in Its Relation to Cities and Villages and 
Their Engineers." From my experience it is evident that the engineer 
is intended by the regulations to be the contact man between the 
State and the municipalities. Some officials realize this, and have 
placed the responsibility squarely upon the shoulders of their engineer, 
and rely upon him to guide them through the various steps in their 
proceedings. This has been true in the larger communities almost 
without exception, but not in the smaller ones. It is my suggestion 
that the Highway Department impress upon the municipal officials the 
necessity of securing the services of an engineer in whom they have 
confidence, and rely upon him to keep them in the right path. 
Another matter which has 'probably caused trouble for many en-
gineers is the matter of day-labor construction which was quite 
thoroughly discussed yesterday. Again this is a case which causes 
little or no trouble in the larger communities where the volume of work 
is sufficient to attract contractors or where a regular organization is 
maintained and can be used for force account work. Small communi-
ties have unemployment problems as well as large ones, and it is 
natural to expect that officials in those communities will want to see as 
many of their people employed as possible. To cite a specific in-
stance, I prepared plans for a small job in ·a small community, and 
in making the estimate allowed an additional 20 per cent because of 
its small size. When all the bills were in, a job which was estimated 
to cost $445.00, actually cost about $700.00. The labor alone was 
more than $400.00, due to an overzealous employment agent. It 
would, therefore, appear that some thought should be given to setting 
up some standards for day-labor construction. 
The word "standard" brings to mind a subject which has been 
discussed probably more than any other phase of municipal Motor 
Fuel Tax construction. Some engineers and most officials feel that 
municipalities should not be held rigidly to State standards. I ap-
preciate that any attempt to permit the use of individual practices 
such as followed by local engineers would add to and slow up the 
work of the Highway Department, and it is obviously impossible for 
the Department to accommodate itself to the practices of many differ-
ent individual and local standards, sound though these may be. We 
all agree that State standards should be rigidly adhered to in the con-
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struction of State bond-issue and State-aid extensions, and of heavy-
traffic arterial streets. Many streets of the arterial system are not sub-
ject to heavy commercial traffic, either as to number or weight of 
vehicles. It is, therefore, suggested that some consideration be given 
to easing up on the requirements governing the equipment to be used 
and the specifications to be followed on construction work on arterial 
streets which are of secondary importance. This, of course, should 
not be done to a degree sufficient to produce improvements unsuited to 
traffic requirements. 
From my observation two phases of Motor Fuel Tax work in 
cities which are in need of serious consideration are those named: 
day-labor construction, and application of standards. 
In the final analysis, responsibility for the proper accounting of 
funds on day-labor projects will rest on the shoulders of the State 
Highway Department, and the municipal engineers. The Department 
can be of great assistance in impressing city officials with the impor-
tance of carefully accounting for funds expended on all work, and 
day-labor construction in particular. This is not to be taken as casting 
reflections upon any officials, but as rather intended to curb their 
natural desire to furnish employment to the greatest number without 
regard to the requirements of the job at hand. 
The matter of applications of standards naturally is open to de-
bate but is, I believe, one which is at least worthy of consideration. 
In closing let me remind you that we must not lose sight of those 
who are constantly clamoring for more and better streets and high-
1vays, and in the same breath demanding the lowering of license fees 
and the free and unrestricted use of Motor Fuel Tax funds by cities. 
Just how much consideration they should receive is for you to decide. 
'\ 
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X. CONTRACT VS. DAY LABOR IN THE USE OF M.F.T. 
FUNDS BY COUNTIES AND CITIES 
(a) FROM THE CouNTY STANDPOINT 
(abstract) 
R. F. FISHER* 
This question of day-labor work is rather a "touchy" subject. The 
majority "of contractors look with disfavor at this method of doing 
work, as it does not permit competitive bidding, and so tends to dis-
criminate in favor of a few. The State Highway Department does 
not like the idea as it might lead to collusion and more costly work. 
The county units do not like the extra work entailed, nor the bulky 
cost and routine data made necessary by the policies of the State 
Department. 
There are· several ways that any county can do work by the day-
labor plan. The county may purchase its own equipment, which, 
however, is prohibitive unless that county has an immense amount of 
work to do. The county may lease the equipment from some con-
tractor whose machinery is idle, or it may arrange with the contractor 
to furnish not only the equipment necessary, but also all of the re-
quired supervision. The contractor may be paid for such service 
on the regular rental basis or by the yardage of finished work. The 
latter method is found to be the best, as it encourages faster work. 
Under normal conditions and in normal times, it is absolutely un-
sound for any governmental unit to "go into business" in competition 
with private concerns, but Champaign County was confronted with a 
peculiar situation in 1933 which we thought could be solved or at 
least remedied by resorting to day-labor work in building bridges, 
culverts, nine-foot concrete pavements and the other work appurtenant 
thereto. 
Within the county there were five bridge contractors, a grading 
contractor, and a paving contractor. None of these contractors had 
been successful in getting work to do, and their machinery was idle. 
The Illinois Emergency Relief Administration was urging all gov-
ernmental units to begin worthy projects to take the place of the less 
useful work being done in so many quarters, such as raking shoulders, 
chopping down shade trees, and turning bricks over. 
'Ve knew that we would be unable to do as much work as we 
*County Superintendent of Highways, Champaign County, Illinois. 
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wished to with the funds available and saw an opportunity to obtain 
assistance in the form of labor from the I.E.R.C. files. 
All the contractors were called in and a price agreed upon per 
unit for all work to be done. Under this agreement the contractor was 
to furnish all equipment and supervision necessary to properly execute 
the work, besides furnishing the gasoline and oil required. The 
county agreed to furnish all labor and materials. 
We have operated in this way during the seasons of 1933 and 1934. 
During that time we have completely improved 12.5 miles of highway 
with single-lane concrete pavement, besides constructing five miles of 
earth road graded for a pavement, and three isolated concrete bridges. 
On all of the road paved we encountered unusually heavy grading and 
bridge and culvert work, one of the bridges being 200 feet in length. 
By using day-labor, we were enabled to employ about 960 different 
individuals on six and one-half miles of road. This created a much 
better feeling among the general public than a dole or employment on 
worthless projects. What was built was permanent, and of the highest 
type of construction. 
We found that day-labor work has many good features, as well 
as many bad ones. From our point of view, the following points were 
decidedly.to the advantage of the county: 
(1) More hand labor was used, which employed more men. 
(2) Labor was confined to local men, 100 per cent. 
(3) A larger part of the funds expended was kept within the 
county. 
· (4) Local contractors and their machinery were kept busy. 
(5) The work could be done as desired, without increase in cost, 
or the usual arguments ensuing. 
(6) Opportunity was given for employing more men by shift-
ing as desired, and the use of more primitive methods. 
Some of the objectionable features that caused us to desire to 
return to straight contract work were as follows: 
(1) The work was more costly, due to less efficient labor. 
(2) The laborers had lack of knowledge of the work at hand. 
(3) The laborers showed lack of interest in the work ("they 
would be fed anyway"). 
(4) The laborers had no chance for advancement. 
(5) The radical element among them instilled dissatisfaction. 
(6) An unusual amount of office work was necessary, because 
of keeping account of relief labor on a separate record, and be-
cause of the policies of the Department in regard to cost data. 
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(7) Compensation insurance rates were unreasonably high due 
to using relief laborers. 
(8) The contractors supervising the work failed to keep the 
costs at a minimum, as they would on contract work. 
I will be quite frank in admitting that I have arrived at the point 
where I am perfectly willing to return to contract work and more than 
willing to give the day-labor work 'back to the Indians'. 
l\Iany of the features we disliked about day-labor work would be 
eliminated if general conditions were normal. If the county owned 
its own equipment and we were allowed to employ only those men best 
fitted for such work, at a prevailing wage scale, we could, no doubt, 
achieve some saving, but under those circumstances it would seem to 
me to be very unwise to compete with contractors who have so much 
invested in the best of machinery and have perhaps spent most of 
their lives in endeavoring to give the public the best work for the 
least money. It is my opinion that they, alone, by years of experience 
in highway construction and competitive bidding, have learned how to 
cut the costs down to the minimum. 
As for my county, I will say that we accomplished our purpose in 
putting idle machinery, local contractors, and laborers to work "\Vithin 
the county, and by so doing we prevented, in a great part, the incep-
tion of many unproductive projects that would not have met with 
much favor from the general public. 
(b) Fnol\I THE CouNTY STANDPOINT 
(abstract) 
PHILIP LEWIS* 
One reason why it is rather difficult to talk about building roads 
and make it sound pleasing to listeners is that one must stay very 
close to facts, while most people like things to appear better than they 
really are. This is true in the daily work of all road officials. 
Not many days ago a resident of .my county asked what progres:; 
had been made in the county road program during last year. I told 
him that during a twelve-month period we would have completed 
fifteen miles of traffic-bound roads, that, in addition, eight concrete 
culverts had been installed on other than M.F.T. sections, that the 
relief organization had furnished all the men 've could use to ad-
vantage, and that the State had let contracts totalling about $90 000.00 
in the county. When I had finished he said "I see that there is going 
*County Superintendent of Highways, McDonough County, Illinois. 
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to be another Public Works program, and, if there is, we should get 
started early and get something done that is really worth while." 
The primary aim of all highway officials should be the construction 
of the most miles of roads that will meet the demands· of traffic with 
the least expenditure of money. 
In McDonough County we thought that this could be achieved 
more successfully by day labor than by contracting. When we 
adopted this plan we thought some of the other counties might follow 
the same procedure, but we did not expect that the Federal Govern-
ment would adopt this system in a great four-million-dollar Public 
'Vorks program. 
The policy of using day labor enables local workmen to get the 
benefit of money spent for labor. Men that work on the construction 
of county roads are chosen because of their ability as workmen, and 
on their own merits, not because of any political connection. With 
conditions as they are at present this is a much more satisfactory 
method of choosing workmen than the way a contractor must get his 
help through an employment office. When men are steadily employed 
· it benefits them, the man for whom they are working gets more for 
the wages paid, and the public gets more improvements for its money. 
Some of the men in our county that received work through the em-
ployment office last year on P.W.A. projects could not earn wages 
sufficient to enable them to get off the relief rolls. Nobody was to 
blame for this condition of things, it is due to the wrong system. 
There was very little unfavorable reaction to this plan of construc-
tion. Some contractors argued that materials could not be purchased 
as cheaply by the county, but anyone who thinks that· a machinery 
or materials salesman would hesitate to make a sale when a county 
is in the market for any of his products is not acquainted with the 
habits of these gentlemen. 
All Motor Fuel Tax funds allotted to McDonough County have 
been expended on day-labor projects, with the exception of those used 
for one large bridge which was built by contract. 
Earth moving costs 1verc 19.8 cents per cubic yard for the highest 
figure to 12.75 cents for the lowest, with an average on all Motor Fuel 
Tax sections of 15.48 cents. This work was done with Maney scrapers. 
Last year on a one-and-one-half mile section where relief men were 
used to clear the right-of-way the cost was 9.6 cents per yard on 9000 
yards. 
The estimate on this one section was made two years ago, was 
based on shipped-in material, and was $11 250.00; the section was 
.• 
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completed this year at a cost of $4300.00. Relief men were used to 
help clear the right-of-way, and about half of the crushing was done 
by them. 
All cross-road culverts have been built of concrete, costing, includ-
ing cement, from $18.08 down to $12.75. At present we are crushing 
our own limestone for coarse aggregate; this reduces the cost of the 
concrete· approximately $1.50 per yard. Two years ago the county 
purchased a rock crusher. This was first used in crushing chuck from 
the Dickey Sewer Pipe Works, which consisted mostly of broken 
sewer pipe and a considerable quantity of brick. Practically all who 
use these roads like them better tl)an gravel. 
Traffic-bound surface coarse aggregate cost $2.73 on section 9, 
$2.26 on section 6, and $1.98 on section 5X; this was No. 4 road 
gravel. These sections were among those first built. For some un-
known reason the price of shipp.ed-in gravel was reduced about 50 
cents per yard after the crusher was purchased. 
By using men from ·the relief rolls to operate the crusher aggregate 
is now costing about $1.00 per yard on the road. This material grades 
very close to No. 2, and costs approximately 45 cents per yard when 
crushed by relief labor. 
(c) FROM THE CITY STANDPOINT 
(abstract) 
. c. F. ABRAHAM* 
Any discussion of this subject should give consideration to the 
services offered for sale by any contractor on public works. It used 
to be that a contractor was considered somewhat in the nature of a 
gambler, but present-day engineering practice, including inspection 
and the writing of specifications, has eliminated much of the guesswork 
and uncertainty in the execution of public contracts. 
The contractor now occupies the position of a first-rate business 
man who has for sale an experienced organization, equipped and 
financed to perform the operations necessary for the construction of 
structures whether they be roads, bridges, sewers, or buildings. 
The question then is whether or not any economy, facility, or 
better quality of work can be effected by rejection of the services 
offered by ·a contractor and the performance by the owner of the 
functions of organization, financing, and furnishing of equipment for 
the project? 
For the purpose of this discuss.ion this question must be applied to 
*City Engineer, Alton, Illinois. 
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the various operations authorized by the M.F.T. law, which provides 
for the construction and reconstruction of state highways, and the 
construction, reconstruction, and maintenance of a system of arterial 
streets. 
Without any hesitation I can say that maintenance work should 
be done by day labor, unless it be the application of oil or CaCl2 to a 
stabilized road, when the city does not have the equipment necessary 
for such work. 
As for construction and reconstruction work which can reasonably 
be done by contract there may be a question about the best course. 
On small work such as culverts, small bridges, and small grading jobs 
which can be done with equipment owned by the maintenance crew 
and by hiring a few extra men, it is quite possible to effect a saving 
by using day labor without impairing the quality of workmanship. 
Such jobs do not require a very highly trained personnel, financing is 
simple, and equipment is on hand. The contractor has nothing to 
offer which cannot be furnished at a saving by the city. 
As for larger jobs such as pavement construction or reconstruction, 
heavy grading projects, or bridge work, I do not believe that the city 
or county can compete with the contractor in the furnishing of or-
ganization, equipment, and experience. 
Unless the city or village can provide work for the construction 
crew and equipment eight months out of the year, and can furnish 
satisfactory employment to the trained personnel for the other four 
months, it cannot successfully go into the labor market anew each 
year and get skilled and experienced men for construction work. Con-
tractors know this and carry their key-men on the payroll all year. 
My own experience has demonstrated to my satisfaction that it is 
difficult to get qualified and competent supervisors for construction 
work; first, because of the scarcity of such men; second, because of 
political influence which dictates to a great extent the men to be 
employed. · 
Even though. a skilled and fully equipped organization could be 
maintained, I question the policy of doing all construction work by 
day labor. Political influences would be brought to bear on matters of 
material purchases and labor employment, and the result would in 
the end be extravagance. Besides that, I believe the contractor really 
has something to sell that can't be obtained elsewhere, and that is a 
broad experience, which is the foundation of his ability to administer 
the affairs of construction work effectively and economically, and 
produce a work of good quality and workmanship. 
.• 
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XI. THE ROAD AHEAD 
'c. c. WILEY* 
Prior to 1913 Illinois had many roads but no road system. The 
rural roads were entirely in the control of the townships, and the 
streets 1n that of the cities. Coordination and continuity were prac-
tically unknown. The Tice Law, however, started things, and through 
it and subsequent legislation, Illinois has taken great strides in road 
improvement and the establishment of a definite system and program 
of development. 
Thanks largely to the bond issue acts of 1917 and 1923, Illinois 
now has nearly 15 000 miles of high-type State roads, second to none 
in the country. But, lest we forget, these roads are not entirely paid 
for. We borrowed 160 million dollars so that this system could be 
built quickly and thus be enjoyed by the same generation that is pay-
ing the bills through moderate automobile license fees. 
Some 12 000 miles more of roads have been assigned to the 
counties. Some of these are improved, but for the most part they 
have had to wait until the intensive work on the State system was 
completed. ·we are now just beginning a real program of secondary 
road improvement. The rest of the rural roads, amounting to about 
70 000 miles, are still township roads, and relatively little has been 
done with them. 
For years the cities have been compelled to solve their own prob-
lem, but now they are being coordinated with the rural road system 
to make a comprehensive and universal highway system through more 
adequate and equitable sources of revenue for improvement and 
maintenance. 
But this is not all. As the result of the report of the Commission 
Future Road Program, and the legislation suggested by it, Illinois has 
a basic road program adequate for many years. With reasonable 
funds, such as are now being collected, Illinois can continue to lead the 
road builders of the country, but if funds are lacking the road program 
will fail, and no one will suffer as much as the motorist. 
Unfortunately, however, inroads are being made on the roads 
funds. Gas tax funds have already be~n diverted, crippling both State 
and county work, and more diversions are proposed. In addition 
there now come proposals to reduce license "fees. All of this is a 
*Associate Professor of Highway Engineering, University of Illinois. 
Ill 
112 ILLINOIS ENGINEERING EXPERIMENT STATION 
result of a mad, unreasoning scramble to reduce taxes. So let us see 
just how this last proposal will reduce taxes. 
The State automobile fees amount to about $18 000 000 annually. 
Half of this sum will be required each year until about 1945 to pay 
principal and interest on the bonds. Another $4 000 000 annually are 
required for maintenance, policing, snow removal, signs, and other 
accessories. This leaves $5 000 000 per year available for extensions 
and betterments. This last sum is just sufficient to meet the normal 
Federal aid allotment to this state of about $5 000 000. Consequently, 
there are actually $10 000 000 available for the many improvements 
for which there is a continuous popular demand. 
A flat rate of $3 applying only to passenger cars would reduce the 
total revenue from license fees to about $8 000 000 per year. This 
is about $1 000 000 short of enough to meet only the payments on 
the road bonds. ·The bond issue laws, however, provide a direct annual 
property tax to meet any such deficiency. Consequently, an imme-
diate effect of this fee reduction would be the levying of a State 
property tax of at least $1 000 000 per year. This reduction in fees 
would also mean that there would be no funds whatever for mainten-
ance and operation. Therefore, we would either have to neglect the 
roads and do without policing etc., or provide some other form of tax. 
Furthermore, there would be no State funds for construction, and con-
sequently we would also lose the $5 000 000 of Federal aid money 
since it must be matched dollar for dollar by the State in order to re-
ceive it. This Federal money would go to other states, while Illinois 
would still contribute as much as ever to Federal taxes. Of course 
another tax could be imposed to provide these funds, but if this is 
done the boasted tax reduction becomes a myth. Taxes would not have 
been reduced one single cent. They would merely have changed form. 
The average motor license fee in Illinois is about $11. Only 
twenty states have lower rates. How v.;ould the complaining motor-
ist like to live in Vermont where the average rate in 1933 was $28.17? 
But what does the $11 buy? That is the real question. First, it is 
paying for a state-wide system of the best roads in the country, which 
we now have, an_d which we now are using every day. Second, it is 
keeping these roads in good condition, well protected, and open for 
traffic at all times. And, third,' it is furnishing a reasonable sum for 
extensions and improvement, both directly and by securing federal 
aid. What other $11 that the motorist spends is buying so much? 
Could he afford to have the roads taken away for anything like this 
sum? Isn't it a bit absurd to pay $500 or more for a car and then 
.• 
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growl about $11 which gives a satisfactory place to run it? Suppose 
the fee is reduced to $3. The imaginary saving would be only $8 a 
year, or 67 cents a month, pr 15 cents a week, the price of a gallon of 
gasoline or a package of Camels. The average motorist wastes much 
more than this in the operation of his car. 
The State gas tax in Illinois is 3 cents per gallon. In 1933 it 
amounted to an average of $19.02 per car, or less than in 37 of the 
states. How would the objector like to live in Florida with a rate 
of 7 cents, and an average bill of $51.18? But just what is the gas 
tax? The title of the M.F.T. law says it is "a tax upon the privilege 
of operating motor vehicles upon the public highways." It is, there-
fore, a toll pure and simple. And how much more convenient and 
equitable it is than the old toll gate. A driver stops at a filling station 
and buys 10 gallons of gasoline. In so doing he pays 30 cents toll, 
which entitles him to travel the roads and streets just as far as that 
10 gallons will take him in his particular vehicle. The proceeds are 
supposed to maintain, improve, and extend the roads and streets for 
his use. In olden days the traveller stopped at a toll gate and paid a 
fee which took him to the next gate. Those funds were also supposed 
to pay for the road and its upkeep. But those funds were often "di-
verted," with the result that the roads fell into disrepair, the travellers 
became indignant, and the scheme became a dismal failure. Exactly 
the same thing can happen with our modern toll system, through 
diversions. 
The counties are charged with the care and improvement of some 
12 000 miles of secondary roads. The funds are derived from local 
taxes plus a ~ share of the gas tax. But this last fund has largely 
evaporated, at least for the present, due to diversions. Consequently, 
the secondary road program is not very promising. An increase in 
the gasoline tax, an increase in local taxation, or a greatly reduced 
road program are some of the alternatives. If it were not so serious it 
would be amusing to see how we deceive ourselves. We voted en-
thusiastically to tie up the county shar~ of the gas tax for the next 
20 years under the impression that we were saving ourselves an addi-
tional tax. In reality we were merely voting away our road program. 
If we now insist on retaining the roads we get the additional tax just 
the same. We are much like the heedless driver who runs up behind 
a big truck, turns out to pass without looking, is astonished to find a 
car coming the other way, and, by superhuman efforts, barely misses 
a disaster. 
The townships are responsible for some 70 000 miles of road. 
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Some of these have improved surfaces, many are oiled, but the vast 
majority are still virgin earth. There are people who would have us 
believe that we have enough good roads; that the state road system 
with a few county roads is all that is needed. But this is the age 
of the automobile, not the oxcart. It is therefore the age of all-year, 
all-weather roadways. The detached rural dweller is ·as much entitled 
to a usable road as anyone else. Any program that does not give fair 
consideration to reasonable facilities to every home is not giving 
proper attention to the road ahead. 
Only within the last two years have the cities received any outside 
assistance, despite the fact that "all roads lead to town." The State 
and the counties may now extend trunk roads into the cities. In ad-
dition, the cities now receive a share of the gax tax. A few cities are 
making good use of their M.F.T. funds but many are still floundering 
around. Part of this is due to a lack of understanding of what can be 
done. Some of it is due to lack of cooperation on the part of the city. 
A little may be traced to a resentment that the State retains some jur-
isdiction over the funds, which control, by the way, is eminently a 
good thing. And in all fairness, it must be said that some of it is due.to 
a lack of understanding of municipal problems on the part of the 
county and State authorities. There is a vast difference between 
building a rural road and a city street, even of the same materials. 
And finally, there are some incompatibilities between the road laws 
and the municipal laws. Before the benefits of the gas tax to the cities 
can be fully attained, changes in the M.F.T. law, in the road law, and 
in the local improvement act will be needed; if an orderly, consistent, 
continuous and economic program of street improvement can be 
achieved. Diversion of the gas tax, or a reduction in the amount, 
would be a serious blow to the cities. 
The last two years have seen huge grants of Federal money for 
roads and streets. So generous has been Uncle Sam that we have 
begun to look on him as a Santa Claus and, childlike, we do not 
hesitate to ask for more. Bu,t, as in the case of the real Santa Claus, 
"the bills will come home to father." In other words "'e will ulti-
mately pay the bills in Federal taxes. But after all this may make 
little difference, for, under the conditions, 've probably would not have 
been able to meet the emergency situation in any other way. The 
bulk of these funds are buying us real roads, but some are unquestion-
ably being wasted. Hasty design, inadequate supervision, incom-
petent labor, irrational limits on materials, and no provision for main-
tenance make this inevitable. But we should not take this so-called 
i 
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waste too seriously. There was an emergency to be met, and emer-
gency costs are always higher than those of normal times. But con-
tinued grants of Federal money should not be expected nor depended 
upon. 'Ve should do our own work. 
Let us now look at some of the physical features that may be ex-
pected in the road ahead. 
A great deal is being said about speed. Automobile builders have 
stepped up the possible speeds, and there are those who prophesy 
speeds of 80 to 100 m.p.h. in the near future. On the other hand 
psychologists tell us that human reactions are such that the average 
person probably cannot maintain these speeds. During the past four 
years speed measurements on open sections of road in several different 
places indicate that average speeds are somewhere around 45 m.p.h.; 
while our present roads have been designed for only 35 m.p.h. or less. 
It is, therefore, not unreasonable to conclude that the road ahead 
should be designed for higher speeds, probably for cruising speeds in 
the 60 m.p.h. range. But even this change is enough to bring in some 
real problems, especially those of alinement. 
:Main roads are still being built with curves of 1000 ft. radius, 
when flatter curves not only should be but can be obtained. Recent 
studies show that, with the limitations that must be placed on super-
elevation, flatter curves must be provided. If cruising speeds of 60 
m.p.h. and above are to be expected, the sharpest curve on the open 
road should not be more than 3 deg., or of less than approximately 
2000 feet radius. Furthermore all curves sharper than 2 deg. should 
be spiraled. In this way 60 m.p.h. can be taken comfortably, while 
higher speeds will still be safe. 
Flatter curves are also needed to provide the greater sight dis-
tances which are necessary for high speeds. This is especially true on 
winding roads, where often a car is hung up behind a slower vehicle 
because 'the driver cannot get sight distance enough on the reverses 
to pass. 
Grades are limited by safety conditions on descents and not by 
the ability of the vehicles to climb. Longer vertical curves must come 
into use to give better sight distances. In general, these long curves 
will also reduce the earthwork. Too much stress, however, should 
not be laid on reduction of earthwork. The grade line is one of the 
most permanent things on the road. It should, therefore, be properly 
laid and the corresponding earthwork done as a matter of necessity. 
In other words the grade line should control the earthwork, not the 
earthwork control the grade line. 
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Width of road needs careful consideration both as to the width of 
. the right-of-way and the width of the pavements. A lane for running 
traffic .is taken as ten feet wide, which is probably sufficient. A two-
lane road is thus twenty feet wide, but to provide reasonable safety a 
turnout strip or shoulder approximately ten feet wide is necessary. 
Our new roads are being so made, but a shoulder-widening program is 
badly needed on some of the older ones. Indiana is setting an excellent 
example in this respect. 
Our present design calls for side ditches, but such ditches are an 
ever-present hazard to traffic. If retained, they should be broad and 
shallow. But are they needed? Has anyone really studied road cross-
sections to the extent that he can positively say that a road without 
side ditches cannot be built, or, if built, that its cost would be unrea-
sonably higher than that of the side-ditch type? It is quite conceiv-
able that the road ahead will have an appearance more like that of 
a city street. The elimination of the side ditch, and the substitution 
of underground drainage, would make a safer and better looking road 
and would require less width of right-of-way. 
Widths of right-of-way should be sufficient, and no more. Eighty 
to 100 feet widths are reasonable for trunk roads with conventional 
cross-sections but good common sense should be exercised with regard 
to rigid adherence to a standard. One of the curses of present-day 
roadwork is over standardization and a too rigid adherence to so-called 
standards. We seem to have forgotten that standards should merely 
set up the minimum requirements and that something better should 
always be obtained whenever possible. Standards should never be 
substituted for thinking. But we still find 1000-ft.-radius curves being 
used when nothing whatever, except perhaps a few cornstalks, inter-
feres with the use of 2000-ft. radii, or more. Country roads are being 
built into cities, and wide rights-of-way are being asked for, when a 
little ingenuity could make a better looking, safer, and more· efficient 
roadway on a right-of-way of moderate width. 
Four-lane roads should be installed where traffic surveys indicate 
need of them. But, in many cases, careful consideration should be 
given to building relief routes rather than to widening existing ones. 
Many times this will be more economical and more effective. It is 
being learned that wide pavements are not always a cure for con-
gestion. In fact, congestion is generally caused by some obstruction 
rather than by lack of width. An intersection reduces the capacity of 
each road entering it by. more than 50 per cent. Consequently, in 
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many places highway grade separations will prove more effective and 
less expensive than wide pavements. 
Intersections constitute one of the great hazards on our highways. 
Greater attention must be given to the individualJity of different inter-
sections. The difference between high-speed, moderate-traffic inter-
sections in the open country, and the moderate-speed heavy-traffic in-
tersections in metropolitan areas must be recognized and allowed for. 
Too much standardizing should be avoided. Traffic interference 
bottle-necks both roads at intersections, and wide pavements are more 
affected than narrow ones. Without question, there will be an increas-
ing number of grade separations between highways. Railroad grade 
separations will of course become the rule on major highways. Bet-
ter marking of intersections and signs of greater visibility are sadly 
nee~ed. Intersection marking is perhaps the weakest point in our 
present sign system. 
Belt lines and by-passes will be features of the road ahead. This 
does not mean that every town will be belted, but studies will be made, 
and belts built only when economically justified. It is not at all diffi-
cult to determine the potential belt-line traffic, and this is the only 
sound basis for deciding whether a belt is needed. 
But in our enthusiasm for belt lines let us not forget those 70 000 
miles of local roads needing attention. Possibly the $100 000 or more 
required for the belt-line system mentioned would yield greater service 
to the people if spent on minor roads in accordance with their needs. 
There is a grave economic question involved in this, and it should be 
thoroughly studied. 
Of course Chicago's dreams of elevated highways or the equivalent 
will come true. Congestion on narrow streets, interference at inter-
sections, etc. causes waste of valuable time, adds to the hazards of 
travel both to vehicles and pedestrians, and increases the cost of car 
operation. With limited space elevated or depressed high sp.eed ar-
teries are the proper solution. The high road speeds mentioned in 
the foregoing for rural highways cannot be attained in any city; but 
city traffic in general can and should be greatly speeded up-not by 
90-m.p.h. cars, but by eliminating traffic interference. This is the 
principal idea back of elevated and limited ways. 
The road ahead will have a much more adequate and effective 
system of signalling. Traffic signals will be placed only where needed, 
and will be of a type that serves the traffic. To accomplish this much 
study is needed. We must get over the idea that any old sign set 
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any old way will do. We must recognize that speeds are higher, and 
greater distances must be allowed. The application of the simple 
laws of optics will help, and last, but not least, human psychology 
must be considered. 
The road ahead will be greatly improved in appearance. Smooth 
sodded slopes, plantings of shrubs and trees, and the elimination of the 
unsightly advertising sign board will add much to the beauty of our 
highways. Furthermore, we may expect many of our roads, especially 
those carrying large volumes of traffic, to be fully lighted. Night 
travel must be made as safe and convenient as that by day. 
Of course the question will be asked: "What types of roads will be 
built?" The answer is simple: "All types." Anyone who intimates 
that some one type will supersede the rest is willfully blind to the sit-
uation or doesn't know the American people. We have our prides and 
our prejudices. 'Ve stick to something until something goes wrong, 
and then we swing to something else until it seems to fail, and then to 
something else again. Thus we swing round and round in cycles, but 
with each turn we learn more, and the results become better and better. 
Thus we will build all types and build them better. 
One of the blessings of the Depression lies in the fact that of 
necessity we have made a more careful study of all kinds of roads 
in order to make them better at lower cost. We have learned a lot 
about soils and subgrades. We have discovered better methods of 
construction and how to overcome difficulties. We have developed 
new materials, and we have learned, to some degree, how to better 
adapt types to given conditions. Therefore, I repeat, we will build all 
types, and built them better. 
But there is also another side to the story. One of the curses of 
the Depression has been to fan into flame the age-old passion to get 
something for nothing. On every hand we see efforts to skimp, or to 
use cheap things; to get all we can, and give as little as possible in 
return. The cry for lower motor fees is merely a manifestation of 
this passion. Every motorist wants the roads, but he doesn't want to 
pay for them. But, like perpetual motion, this object has never been 
achieved. Consequently, unless we are keenly alert, we will waste 
many a dollar in ill-advised work, and become penny wise and pound 
foolish. 
The whole problem of highway economics needs thorough study. 
Costs need to be analyzed and the benefits evaluated. Preconceived 
notions should be set aside and a sane, logical, and rational approach 
to the problem made. This nation is suffering from an epidemic of 
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pernicious investmentitis. We build up fictitious highway costs by 
computing imaginary interest. We think only of costs and not of 
service. The highways of this nation carry its life blood. Improving 
them is not a commercial investment, but is the buying of a funda-
mental necessity of life. It corresponds exactly to buying our personal 
necessities so that our own life blood may continue to flow-and, 
similarly, it may require the payment of "doctor bills." 
Everyone remembers Aesop's fable about the dog that was trotting 
home with a nice juicy bone in his mouth. When crossing a log over 
a stream he chanced to look into the water and saw his reflection. 
Thinking it was another dog with a larger bone, he dropped the one 
he had and plunged in for the other, only to lose them both. The 
moral was "Beware lest you lose the substance by grasping at the 
shadow." 
Applied to our everyday life, the real bone represents the desirable 
things that taxes make possible; while the reflection represents lower 
taxes. The age-long fight on the misuse of public funds has mislead 
us into an unreasoning fear of taxes. We might better fear lack of 
taxes with the resulting shortage of the good things which taxes make 
possible. The whole future not only of roads but of our very existence, 
depends on intelligent taxation, not on blind tax reduction. 

